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PREFACE. 



In the United Kingdom, and with Ordnance Maps to various scales, and 
more or less corrected to date, always at hand, the surveyor seldom, if 
ever requires to put into practice a knowledge of high class, or Geodetic 
Surveying. The result is, that diplomas are granted to students who 
possess but a very limited knowledge of this class of work. 

In the principal Colonies, however, these conditions do not obtain, 
and their governments, not being satisfied with the limited acquirements 
of many English surveyors, insist on a local training, or apprenticeship 
and the possession of one of their own diplomas. This restriction has, 
in many cases, proved somewhat arbitrary. 

About three years ago, a number of gentlemen interested in this 
question, and in the improvement of the standard of qualifications 
for English diplomas as Surveyors, met at the Surveyors' Institution 
by kind permission of the Secretary, and formed a committee to con- 
sider what steps might best be taken to secure a better position for 
the English student who might wish to seek employment in one of our 
Colonies. 

The Council of the Surveyors* Institution was approached, and 
their Secretary, Mr. Julian Rogers, informed the committee that their 
members were prepared to look favourably on any efforts made in the 
direction indicated. 

It was arranged that the committee should prepare, and submit a 
Text-Book, which the Council agreed to adopt, if satisfied with the 
same. 

The present Treatise on Surveying is the result, and in order to 
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vi SURVEYING, 

meet the requirements of a body of students who may seldom, if ever, 
practise the art of Geodetic Surveying, but to whom a knowledge of the 
practices of ordinary surveying is a necessity, the work has been divided 
into two Parts, so that prpblems requiring Geodetic treatment, and 
Astronomical determinations, as well as the manner of Conducting 
Marine, Route, and other special surveys, are discussed in the Second 
Part. 

The Authors of this work make no general claim to originality, since 
most of the information given is to be found in some one or other of 
the many existing treatises on surveying ; but, so far as they know, no 
one book contains in a practical form the information now offered to the 
student 

In addition to the various methods of surveying limited areas^ as 
usually practised, every effort has been made to point out clearly, the 
degree of accuracy which can readily be obtained with the appliances 
available, and which is essential with regard to the purpose for which the 
survey is undertaken. 

Further, the effects of different sources of error (avoidable, or other- 
wise) on the ultimate accuracy of the work, have been discussed, so that 
the surveyor may decide how advisedly to apportion the time and care 
that he should bestow on the various processes of his work. Some space 
has also been devoted to the considerations which affect the distribution 
of residual errors, in a simple yet systematic manner. 

The Authors beg to offer the above remarks as their justification for 
submitting this work to the verdict of public opinion, and whilst making 
no claim to having compiled a complete treatise on so large a subject as 
surveying, still it is hoped that all the information necessary to enable 
a student to acquire the knowledge required of a qualified surveyor is 
to be found in it 

The following is a list of the Contributors ; and it is deeply to be 
regretted that the sections written by Mr. Leane (who died at sea when 
on hb return from Africa) and by Major-General Woodthorpf. C.B. 
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PREFACE. vii 

(appointed Surveyor-General of India just before his death) have had to 
be produced without the advants^e to the Editor of being able to submit 
proofs for their revision : — 

REGINALD E. MiDDLETON, M. Inst. C.E., M. Inst Mech. E., F.S.L, Fellow 
of the Sanitary Institute. 

Formerly Instructor in Surveying at the Central Institute of the City 
and Guilds of London^ &*c. 

OSBERT Chadwick, M. Inst. C.E., M. Inst Mech. £., Mem. San. Inst 
A Consulting Engineer to the Crown Agents for the Colonies. 

J. DU T. Bogle, Colonel (late R.E.). 

Formerly Instructor in Surveying^ S.Af,E., Chatham^ 

G. H. Leane, F.S.L 

Examiner in Surveying to the Surveyor^ Institution^ the Royal Agri* 
cultural Society^ 6^^. {since deceased). 

Major-General Woodthorpe, C.B. (late R.E.). 

Appointed Surveyor-General of India just before his death. 

The thanks of the Authors are due to Mr. M. T. Ormsby, 
Demonstrator in Surveying at University College, Gower Street, 
London, for assisting in the editing of the work, and in the prepara- 
tion of drawings, tables, &c. It is believed that all matter taken 
from other sources has been acknowledged in the text. 



PREFACE TO THE SECOND EDITION. 

In the present Edition it will be found that the clerical errors which 
existed in the First have been corrected, and a few Appendices have 
been added dealing with some omissions which had inadvertently 
occurred and escaped the notice of the compilers. 
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SURVEYING. 



CHAPTER I. 
CHAIN SURVEYING. 

Land Surveying with the chain> (with the addition of a 

B^uutar*^ ^^j^ogg g^ ofSs&X. staff, a few poles, and the occasional use of 

a rough kind of clinometer) was at one time almost the only 

method of making plans employed, and it still is, and must ever be, an essential 

part of a surveyor's education. 

A method by which the necessary amount of accuracy may be obtained, is 
given in the following pages, together with an approved form of field-book. 

It is, of course, impossible to become a reliable surveyor without a certain 
amount of instruction and practice in the field, but if the student will follow, 
step by step, the directions here given, in conjunction with a careful study 
of the plans and field books, and himself lay down the lines, and plot the 
work in the examples illustrated, he should be prepared to make a small 
survey on his own account 

Chains for surveying purposes are of various kmds and of 

different lengths, but whatever unit of measure is adopted, 

whether it be the foot, the link, or part of a metre (usually 2 decimetres), the 

chain is subdivided into 100 eqyal parts, each tenth part being marked by a 

piece of brass of a particular shape, to indicate its distance from either end. 

If a chain is spoken of without reference to the unit of measure, Gunter^s 
chain of 66 feet divided into 100 links is meant, this being the most convenient 
for land surveying. 

Its advantages are, that it is an exact decimal part of an acre, and of a mile, 
tfiere being 10 square chains in an acre, and 10 lineal chains in i furlong, of 
which there are 8 to a mile. 

Steel tapes have to a large extent superseded the old type of 

^^ chain, especially for work requiring great accuracy, and for 

many reasons, are to be preferred. They are much lighter to handle, are not 

liable to vary in length by use (except by wear in the handles), and can be 

quickly and easily roUed up into the case provided for that purpose. 

The principal objections urged against them are, that in case of breakage, 
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they cannot be so readily repaired in the field as the ordinary chain, that 
somewhat greater care has to be taken to avoid kinking, and that when used 
upon stiff, wet, clayey soils, the brasses soon get obscured by soil adhering to 
them. This last objection is, however, common to all chains, and as the steel 
tapes are extremely light the difficulty may be got over by carrying them bodily 
off the ground in such cases. 

, _ Arrows, or pins, are used to mark the end of each chain, 

and are made of stout iron or steel wire, about 15 mches 
in length, one end being formed into a ring for facility of handling, and to 
which a piece of red tape is fixed. Ten such arrows are generally used, but this 
is not always the case, as some surveyors prefer to work with only nine, while 
others find virtue in using eleven, but in every case the object is, to obtain a 
correct record of the number of chains run, and especially of every tenth chain. 

It is convenient to allude to the person drawing the chain as the 'leader' 
and to the person following and directing it as the ' follower.' 

Those who use nine arrows allow the deader' to extend the tenth chain 
without any arrow, and make him hold the handle of the chain in position until 
the * follower,' arriving at the. leading end, places his ofifset staff at the end of the 
chain, instead of an arrow, and giving up the nine arrows in his hand allows the 
* leader * to proceed as before. 

Those who work with ten arrows instruct the 'leader' to mark as usual with 
the tenth pin, and to wait until the ' follower ' substitutes his rod for it While 
the ' follower ' is coming forward it is well for the * leader ' to mark the end of the 
tenth chain by means of a peg or stick for future reference. 

It is a great convenience to have this tenth arrow of special make, 
suitable for dropping, instead of a plumb-bob, when measuring on steep 
places or over banks and fences, also to insert on occasions when it is 
necessary to mark a portion of a chain instead of the whole. 

It is obvious that this arrow must never be retained by the * follower.' 

Those who use eleven arrows, allow the * leader ' to lay out and mark 
the eleventh chain. The 'follower' then gives up the ten arrows in his 
hand, but the eleventh remains and counts as the first chain in the next 
set of ten. 

It may, however, be considered as fairly established, that, taken all 
round, ten is the most convenient number of arrows to use, particularly 
if the tenth be of special pattern as before mentioned. 

OAa Ra^ ^^ ^^^^^ '^ ^ * ^^* ^^ ^^^ ^* ^^^ ^^^* '^' 

usually ten links in length, and marked at eadi link. 

It is used for taking short offsets ahd for marking positions, and should 

be formed at the top into a hook of such construction that the handle 

of the chain may, with equal facility, be pushed or pulled through a 

fence with it. 

Ranging rods are light poles shod with iron, painted na i, 

^^^ ** and marked in feet or links, and used (or ranging 

straight lines, or as flag poles to mark important stations upon the survey lines. 

When using a Gunter^s chain, lo-links is a useful length. 
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Flags should be either red or white, or a combination of the 
^**'' two colours, and should be formed with a sleeve on one side 

into which to thrust a rod or pole, and furnished with a tape at the lower end of 
the sleeve with which to make it secure. These flags are less cumbersome and 
quite as conspicuous if made in the shape of a triangle, the sleeve side and the 
bottom forming a right angle. 

The optical square consists of a small brass box in which 
Savm ^® f^ti two mirrors, set at a permanent angle of 45** to each 

other, and so arranged that an object at 90° from the line will be 
reflected, and will coincide with the direct view of tha object in the line of sight. 
This instrument requires occasional testing and should be capable of adjust- 
ment by means of a screw which will slightly turn one of the mirrors. Vide 
Chapter on Instruments. 

The clinometer is an instrument by which the slope of the 
groimd may be ascertained. 
A very primitive form consisted of simply a piece of board or cardboard, 
upon which a quadrant, divided into degrees was marked. 

The sight was taken along one side of the quadrant and the angle of inclina- 
tion indicated by a small plumb-bob suspended from the centre. 

A more convenient instrument (Watkins's pattern), b made in watch form. 
The degrees are marked upon a segment of a circle, balanced vertically by a 
weight, so that the zero has a tendency to keep in a horizontal position, and 
coincides with the zero of the line of sight when that is horizontaL 



ThaOUAometer. 
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The pomt observed is seen through small apertures in the sides, between 
which a magnifying reflector is so adjusted that the angle of elevation or 
depression can be read off with considerable accuracy. 
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4 SURVEYING. 

The old-fashioned cross staff head of wood, has been super- 

Stait seded by one of brass {^de fig. 2), with a pair of sights at right 

angles to each other, and another paur making angles of 45^ 

with the first Borne again have the lower portion divided in a similar manner 

to a theodolite, and the upper portion made to revolve, thus admitting of angles 

of any number of degrees being laid off. 

These heads are adapted to fit on speciaL staves shod with iron, and about 

5 feet in length. They are exceedingly useful in small intricate surveys. 

Stations, are marks for reference, left upon the ground when 
setting out, or chaining, the main survey lines. 

When the survey is a small one, these may be of a very temporary character, 
but if the luies being set out, or chained, form part of a large survey, care should 
be taken to select points for stations which are not likely to be disturbed by the 
plough, or by cattle. 

A favourite method of making a mark, is to cut out a sod of turf in the form 
of an acute isosceles triangle, pointing in the direction of the line (for this 
purpose a light spade, or a chopper and spade combined, is carried). A peg 
should then be driven at the apex of the triangle. Such marks neatly made on 
meadow land, or on the turf at the sides of ditches or roads, may be easily found 
and identified months afterwards, but upon ploughed land, pegs, sticks, and 
mounds, are all that can be used. 

Stations should mark the angles of all triangles chained, and also where 
subsidiary lines are likely to be required, or where main lines intersect Here 
more than one mark should be cut, so that the apex of each triangle should 
point to the centre peg, and they should thoroughly indicate the directions of 
the off-going lines by the manner in which the triangles are disposed. 

Much depends upon the choice of a suitable man to act as 
' chainman,' or ' leader,' and to assist in ranging the lines, &c. 

He should be active, intelligent, possessed of good eyesight, and capable of 
ranging a line with rods or sticks. 

Such a man is not always easy to find in rural districts, but the selection of 
a suitable one will amply repay the surveyor for the trouble. 

Woodmen, who are accustomed to range lines for fencing and tree-planting, 
frequently make the best of chainmen, and being experts in the use of the bill- 
hook do not mind carrying one in their pocket 

When it becomes necessary to cut through a fence or wood, such a man will 
do it with greater neatness, and more quickly than an ordinary labourer, and 
without causing any unnecessary damage. Moreover, he will in a minute or two 
repsdr the fence which one may have been obliged to cut, in a workmanlike manner, 
thus, probably obviating any impleasant remarks from the owner. 

A sharp boy who will assist in carrying rods, and running errands, is also a 
desideratum. 

If the survey be one of considerable extent, it is well to train a second man 
to act as ' follower,' and to assist with offsets, so that the surveyor is free to 
attend to his offsets and booking. In this way the chain can be kept almost 
continually upon the move. 
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CHAIN SURVEYING. t 

It is not intended, however, to deal here with the filling in of the detail of 
laige surveys, but only with such work as a beginner may be supposed to under- 
take, such as the survey of estates and farms of moderate size. 

To chain a given line with accuracy and despatch, is not 
mtlfaiitg ^^^ ^ simple a matter as the uninitiated might suppose, and 

proficiency can only be attained by practice. Accuracy first, 
despatch second, must be the rule. 

Various detailed methods of chaining are advocated by surveyors, but a 
veiy good way, possibly as good as any, is for the 'follower' (in this instance 
the surveyor himself) to approach the arrow holding his handle of the chain in 
his right hand, his field-book in his left, his pencil or pen between the fingers 
of his left hand (or, if he fears losing it, tied by a string to a button of his coat), 
his offset rod under his left arm, and any arrows he may have already collected 
hanging upon the little finger of his left hand. 

His right hand is thus left free to direct the chain, to use his rod, or to make 
notes in his book, as the case may require. 

On arriving at the arrow he plants his right foot with the toes nearly touch- 
ing it, his left foot somewhat to the rear, and his right hand holding the chain 
handle exactly in the line, slightly in advance of the arrow, and about three feet 
above it 

This attitude is well adapted to admit of attention, and to resist without 
exertion any sudden, or accidental pull, from the ' leader.' 

The ' leader' is so trained that he at once faces the ' follower' and by the 
aid of some back object or mark, sets himself approximately in line, the chain 
being held sufficiently tight to appear straight 

The ' follower' by a movement of the thumb, and by a slight lateral motion 
imparted to the chain indicates his wish for the ' leader ' to move a little to the 
right or the left, as the case may be, and when satisfied that the direction is 
perfect, he stoops down, thrusts his thumb through the loop, and brings the 
handle of the chain into contact with the arrow. 

The ' leader,' seeing the ' follower ' bending, also stoops down, and while 
the ' follower ' holds his handle to the arrow, the ' leader ' stiU keeping the chain 
moderately tight, thrusts in another arrow, and is ready to proceed again* 

The ' follower ' as he rises, brings up the arrow upon his thumb, and transfers 
it to the little finger of his left hand, as he walks along. 

A little practice will enable the 'follower' to so hold his hand when direct- 
ting the ' leader,' that as he stoops, he will bring it exacdy to the arrow, without 
further movement either backwards or forwards, and thus ensure the best 
possible results in the quickest time. 

Care must be taken that the 'leader' when stooping and thrusting in his 
anow, does not deviate from the line given hiip, and the ' follower ' must see to 
this before withdrawing his arrow. 

The ' leader' should carry his arrows in his left hand, and draw one with his 
right hand as he goes along ready for use on arriving at the chain end, and 
must be careful that at the moment of thrusting it into the ground, the arrow is 
perfectly upright, and touching the handle of the chain. 
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6 SURVEYING. 

The ' follower' should avoid all drag upon &e cham when it is being piflled 
along, and be careful to check the 'leader 'when he arrives at the proper distance, 
without jerk, which not only injures the chain but ruffles the ' leader's' temper* 

In order to be capable of undertaking laige surveys when occasion requires^ 
every surveyor should accustom himself to chain long lines towards a distant 
object, without much setting out with rods, and with care, this can be accom- 
plished as follows : — 

Before commencing to cham a line the follower should plant his offset rod at 
its commencement, and retiring a few yards behind it, examine the ground 
between it and the distant fore-mark, for any well-defined objects tcaX msf 
exist in the exact line. 

In cases where no such objects are exactly upon the line, there may be some 
very near to it, which will be useful to give a general indication of direction, and 
a little training to the eye will enable him to select and always identify more 
minute objects. Advantage should be taken of a gap, peculiarly shaped bush 
or bough in a fence, a conspicuous stone or clod, a thistle, a dock, or a tuft of 
grass, which may be in ihe exact line. 

The first object, if small, should not be at too great a distance, and before 
it is passed, a careful review of the line should be made, and as new ground 
is opened up to the eye, fresh objects should be selected 

On moderately level ground, and with a well-defined fore-maik, such as a 
comer of a house, a church spire, or a single tree, lines of considerable length, 
up to half a mile, may be chained with perfect straightness^ and without any 
previous setting out with rods. 

The ' leader ' must be well trained to select objects behind the starting point, 
marked by a flag, if necessary, to keep a constant check upon the direction, and 
should at once remark any accidental deflection from the true line. 

Where no objects of sufficient prominence intervene between the starting 
point and the fore-mark, and especially, if there should be any offsets to take, 
the lad, or spare man, should be sent forward with a rod and a few prepared 
sticks. He will use the rod for the * follower' to give him the correct line, and 
will then substitute a stick for it and go forward to another position. Chaining 
may proceed immediately the first stick is in place. It is not an easy matter to 
drive a line perfectly straight with only the one distant mark to go upon, and 
the best surveyor may be excused for getting his line a little twisted. 

The natural tendency is to continually drive the line on one particular side, 
every man seeming to have a bias for one side or the other, so that the law of 
chances does not apply, by which, a nearly correct result is obtained from a 
multitude of small errors which balance one another. 

If it were possible to chain with the utmost accuracy 
Femdisiblo. ^^^^ ^ ^^'^ ^^ ground, under all conditions, and with reason- 
able expedition, then instrumental work would, to a large 
extent, be unnecessary. 

With reasonable care, however, upon fairly level ground, and with a care- 
fully tested chain, it should be possible to rely upon distances to within j^^ 
part of the whole, or one link in lo chains, but when rough or somewhat 
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CHAIN SURVEYING. 7 

hilly gioond has to be measured it is not easy to chain within ^^ or two links 
in ID chains, while upon very hilly and rocky ground, or on bad boggy land, 
chaining by ordinary methods becomes unreliable. If great accuracy is necessary, 
some special means for securing it must be resorted to. In laying down lines 
which do not fit exactly, though within the margin of permissible error, care should 
be taken to spread the difference equally throughout the whole luie. Thus, if 
a line measures 10,000 units on the ground, and there is room on the plan for 
10,010, then it is evident that each 1000 mark should be plotted off as looi. 

Inaccuracies in chaining may result from many causes, some 
in Ghiiidiig!! ^ which are here indicated. 

* I. Through the chain not being hauled fairly taut at the 
moment that the ^ leader ' puts in the arrow. 

2. Through the 'leader' not holding his arrow exactly at the chain end, or 
not having it exactly perpendicular when thrusting it into the ground. 

3. Through the 'follower' not bringing his end of the chain fairly to the 
arrow, or allowing the ' leader' to drag his arrow out of the perpendicular. 

4. Through kinks or knots in the chain, especially upon first opening it out 

5. Through inattention to the variations in length to which an ordinary chain 
b liable, either through wear in the many joints, or through the stretching or 
opening of the links, and want of care in testing for length. 

6. Through inaccurate allowance upon sloping ground, or want of care in 
chaining over obstacles such as rocks, boulders, or fences. 

7. Through not keeping in proper alignment 

8. Through variations in temperature from which the chain expands or 
contracts. 

Though this last should not be lost sight of, still it is trifling- when compared 
with the preceding causes of error, as will be seen by the following remarks. 

A variation of 80** Fahr., which will more than cover the ordinary range of 
winter and summer temperature in the British Isles, makes a difference of about 
TvW P^ ^^ *44 o^ ^^ ^^ ^ A 66-foot chain. 

Standards of length, are accurate at about 60^ Fahr., the mean temperature 
between our extremes of heat and cold, so that errors firom this cause can 
scarcely ever exceed \ inch per chain of dd feet 

Chains and linen tapes used for surveying purposes, are liable 

^iting Ghalas ^^ become inaccurate from various causes. The former, some- 

IjgQjM^ times get stretched by rough handling in pulling them through 

hedges and over rough ground, or they are shortened by links 

getting trodden on, or twisted and thus bent Tapes may be stretched by 

continued use in windy weather or shrunk by being soaked with rain. 

For this reason they should be firequently compared with some standard 
measure, or the work done becomes imreliable. 

In most large towns, standards such as that at Trafalgar Square, London, 
(which have been carefiiUy measured with rods of standard length at a known 
temperature), are available for this purpose, but in the field, recourse must be had 
to some provisional method. It is then best to make use of a good steel tape, 
or failing that, of a levelling staff. The distance being accurately measured off, 
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8 SURVEYING. 

two pegs are driven into the ground, and nails are inserted in their heads wMrlcmg 
the exact length required, the chains can be compared with these at regular 
intervals during the survey, and either lengthened or shortened as required, by 
means of the adjustable links at the handles. 

Tapes, not being provided with any means of adjustment, any inaccuracy 
found to exist in their length must be noted and ^ added to* or ^ deducted frpm ' 
the measurements taken. 

Errors in booking the chainage are of frequent occurrence 
BooUmr ^^ beginners, and the following are some of the most likely 

to occur. 

I. Through reading from the wrong end of the chain, i.e. mistaking a 
40 brass for a 60, a 30 for a 70, and a 10 for a 90 (these pairs bei^g fashioned 
alike in most chains), or through the brasses becoming dogged, and so liable 
to be mistaken one for the other. 

3. Through mis-counting the arrows, or through dropping or leaving one 
behind. To avoid such errors it will be found of great advantage to instruct the 
' leader ' to check the number of chains being booked by the number of arrows 
he still retains in his hand. 

3. Through want of care in changing arrows at each ten chains. 

4. Through omitting to adjust die chainage after crossing a pond or other 
obstacle, where it had been necessary to mark a portion of a chain upon the 
first side, in order that a fiill length of the chain may be available for the width. 

To chain over an obstacle, such as a fence, boulder, or bank, the following is a 

^ . . convenient, expeditious, and accurate method. Supposing the 

ObftadM. obstacle to occur at about the 70th link, the 'leader' pulls up 

the chain and marks, say the 6oth link, with his special arrow 

which he leaves, and himself goes round, or over the obstacle. 

The ' follower' upon arriving at the 6oth link substitutes his offset rod for the 
special arrow, and passes the cham handle forward along with the arrow. The 
' leader ' then stretches the remainder of the chain, and both the ' leader ' and 
' follower' hold the chain taut and horizontal at such a height as to just clear 
the obstacle, and when in true alignment the ' leader ' drops his special arrow, 
and immediately replaces it by another, unless this happens to be the end of the 
tenth chain. 

The crossing of the fence is read and booked, when the chaining proceeds 
as usual. In the case of fences without banks, the chain handle may be thrust 
through by means of the offset rod. 

In the case of a steep, short slope, falling in the direction of 
^***™* the chainage, it is usual to cause the chain to be pulled forward 

^g„^^ to its full length, and then for the leader to return to some con- 

venient brass upon it, hold this point level with the follower's 
hand, and, when in true alignment, drop the special arrow, the follower then 
comes forward, substitutes his rod for the special arrow, and the operation is 
repeated until the whole chain is out. 

When the slope is rising in a forward direction, the chain is pulled out to its 
full length, and the ' follower' plants his offset rod vertically in the place of the 
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CHAIN SURVEYING. 9 

last airow down, or, using a plumb-line for this purpose, directs the 'leader' to 
return to a convenient brass mark, and to hold the chain at the ground, he then 
holds his end of the chain level with the leader's hand, the chain is pulled taut, 
and when truly aligned, the special arrow is temporarily inserted at the brass 
mark, the ' follower ' then advances with his rod, and the operation is repeated 
until the whole chain is marked out 

It is obvious that if the rod be not vertical, or the portion of the chain in 
use be not held horizontal, the correct chainage cannot be obtained in this 
manner, but it is usually sufficiently near for practical purposes upon short, sharp 
inclines, and where great accuracy is not necessary. 

When, however, there is a considerable length of uniformly sloping ground 
to be chained, it is better to ascertain the angle of slope by means of a clino- 
meter carried by the ' follower,' and to allow each chain to be pulled forward the 
full length plus the necessary amount of allowance. 

If the allowance is thus made in the field, it obviates the necessity of having 
to make deductions from the book chainage when plotting, but a note should 
nevertheless be made in the field-book of the 'aUowance per chain' which has 
been made, and this is convenient in case of other lines subsequently closing 
upon the one being chained. 

A convenient method of ascertaining the angle of slope is to place a ranging 
rod at the next change of incline, having a flag or piece of paper tied at the 
height of the observer's eye, who then, standing erect at his end of the line, 
sights the mark on the forward rod with his clinometer, records the angle and 
notes the allowance per chain to be made, or, he lays his rod upon the ground 
on the incline, and places his clinometer upon it and so ascertains the angle of 
inclination. 

After a few trials the surveyor will be able to judge the angle near enough 
and the necessary allowance for all moderate inclines up to, say 4^ or 5^ At 4^, 
which is a considerable incline, it is only about \ link per chain. 

From a table of natural secants, to a radius of i, the exact length that a 
chain should be upon the incline, to represent one upon the horizontal, can be 
found, and the surveyor should allow for the excess. 

The most accurate method is to place another arrow in advance of the one 
already in the ground, the exact allowance for the next chain being made with 
a pocket-rule, or by means of the offset rod (which may have one of its links 
specially marked in decimal parts for this purpose), and to lay the chain from 
this new arrow — being careful however, to lift both before going forward. 

The surveyor should make a note in his field-book, of the natural secants 
likely to be required (if his memory be not retentive enough), remembering to 
remove the decimal place two points to the right, so that instead of reading 
chains and decimals of a chain, it will read links and decimals of a link. 

For one degree of elevation the natural secant is 100*015, 

Vatml making a difference of only about ^ of an inch in a chain, ^a 

Beoants. quantity not worth considering, but the correction mpidly in- 

aeases with the incline, as the following table of natural secants 

will show. The radius is assumed to be zoo links, and the equivalent of one 
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10 SURVEYING. 

horizontal chain for each degtee of elevation is represented by the amount set 
opposite the number of degrees. 

Unks. 
I* e lOO'OlS 
2* = 100*061 

3* = 100*137 

4"" ss 100*244 
5' = 100*383 

6' = 100*551 
7* = 100*751 







links. 


8* 


= 


100*983 


9' 


=s 


101*247 


10- 


= 


IOI-543 


15^ 


= 


103-528 


20** 


= 


106*418 


«5^ 


~ 


110*338 


30' 


= 


"5 '470 



OfllMti. 



Offsets are measurements taken at right angles to the chain 
(unless otherwise specially indicated by arrow heads in the 
field*book), to fences, comers of buildings, or other objects, which it is necessary 
to show upon the survey. 

Where more distances than one, have to be taken upon the same offset, they 
may either be taken and booked separately, or in nmning measure. When 
using the offset rod, the former is the more convenient plan, but when a tape 
or the chain itself can be stretched, the latter is preferable. Whichever 
method is adopted, there must be no confusion in the field-book, and no possi« 
bility of mistaking the one form of entry for the other, when plotting, and it will 
be found of great service, when replotting from old books (when possibly all 
details of this kind have long since been forgotten), if a uniform system has been 
adhered to. 

When the measurements are taken with an offset rod, it will be found to be 
difficult to keep up a continuous running measure without incurring a great risk 
of error, and thus it becomes more convenient to take and enter each dimension 
separately, the sign + (plus) being understood between each. 

Thus supposing two fences (such as those of a lane) to be both upon the 
same side of the survey line, and the distance upon the offset to the first fence 
to be 25 links, this should then be entered in the field-book, between the 
line and the sketch of the first fence, then, if the distance to the second fence 
be 30 links more, this 30 would be entered by the side of the 25, but between the 
two fences, and the total distance from the survey line to the farthest fence 
would be 25 + 30 or 55 links. 

On the other hand, if a tape or chain be stretched, it would be incon- 
venient to separate the dimensions in this manner, and, consequently, a running 
or continuous measurement would be taken, and in order to avoid the chance 
of being misunderstood, the field-book should be turned upon one side, and 
the entries made in the same manner as a chain-line would be booked. In 
this way any number of dimensions may be entered upon the same offset without 
confiision. 

For example of these two methods of booking, see line 16 in the field-book, 
(p. 20) where it will be seen that the offsets at 200 and 2x6 are in accordance 
with the second method. 
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No necessary measurements must be left to memory, and sufficient dimen- 
sions should be booked to enable an assistant to plot the work, with equal 
accuracy to the surveyor himself. 

There are many ways of ascertaining the distance of ob- 
structed intervals in chaining — some of which are given below : — 
X. Where the obstruction is a hayrick, building, or walled 
enclosure, which it is not possible to chain over, it is generally 
sufficient to erect two perpendiculars of equal length upon the chain-line— one 



ObrtniAtad 
Imtarrals in 



JKyo-tcfc I ^=^^^. 





FIG. 3. 



no. 4. 



on each side of the obstruction. A line joining the two ends of these perpen- 
diculars will be of the same length as the portion of the chain-line between them. 

Thus upon the sketch (fig. 3) A B =±: a ^. 

a. If a pond obstruct the chain-line ABE (fig. 4). On arriving at B set a 





maik at C, chain B C and produce it to D, make D C -> B C Then select 
another point £ on the chain-line, nmke C F » C £. Then F D a B £, the 
required distance. 
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3. It may not be possible to secure dear space in the rear, as in the last 
case, or to have room for right angles, as in the first case. 

Set off from B (fig. 5) by means of the cross-staff an angle of 45^ to C On 
arriviqg at C set off a right angle BCD, meeting the chain line, continued, at 
D. T heg B C a nd C D will be equal, and B C« + C D» = B D« . •. B D = 
^ B C + C D^ Or, multiply B C by i -4143 (nat secant of 45'') and result 
gives length of B D. 

4. On line A B C G (fig. 6) the distance C G is required. From points B and 
C set off the equal lines B F and C D at right angles to A B. Produce G D 
to £ in line with F B, then £ F D and £ B G are similar triangles .*. £ F 
: F D : : £ B : B G or D C : C G. 

5. On the line A B F (fig. 7) required the distance B F. From B set off 
B C D at right angles to A B, makiqg B C equal to C D. 

From D set off a right angle C D £ and make £ in hne with C and F. Then 
£ D is the distance required. 




FIG. 7. 

There are many other ways of obtaining distances without the use of angular 
instruments, other than the cross-staff. It may be useful to know how to obtain 
the distances to the intersection of two lines, which may fall in a wide river, or 
deep pond, or other inaccessible place. 

On the lines A B O and C D O (fig. 8) required the lengths B O and D O. 

Select any convenient points upon the two lines, as B and D. Produce 
A D and B D to £ and F, making DF^sADand DF = BD. Produce 
E F untU it cuts O D C at C. Then CD=:DOandCF = BO. Should 
it be inconvenient to set the lines back so far, set each back, say ^ or ^ the 
respective distances, and multiply the results by a or by 3 as the case may be. 

Before commencing to range out the main lines, it is neces- 

^^"^ sary to have acquired some knowledge of the general contour 

of the ground to be surveyed, and in which direction the longest line can be run 
so as to be, if possible, entirely within it. 
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If there are no serious obstacles, such as a Tillage, thick woods, or a lake 
upon it, the longest line obtainable, is generally the. best as a base line. 

Having obtained a general idea of its direction, proceed to that point upon 
it which commands the best view, and thence determine its exact direction, so 
as to avoid, as fisu: as possible, all obstacles to both setting out, and chainage. 
If the position is an elevated one, some object, at, or beyond the boundary 
of the property, may be visible, and if the line can be directed towards it, the 
setting out will be much fiEicilitated, and it will always exist as a ready means 
of identifying the line. 





FIG. 8. 



J3 
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Such a mark, too, will exist as a proof that the line has been accurately set 
out, after perhaps, having been lost sight of in passing through low groimd. 

The operation of ranging a straight line has been often described, but the 
whole secret of perfection lies in being able to plant a rod firmly and truly 
perpendicular in the ground, in such a position, that, upon retiring a few yards 
behind it, and looking in the direction from whidi the line has been driven, all 
other rods and marks upon that line are hidden by the last rod. 

The rods, when set, can be taken up (being replaced by cleft sticks with 
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pieces of paper inserted in them), and used over and over again, but in no case 
should the last two or three rods be disturbed until others have been placed in 
position. 

In addition to cutting occasional marks, alluded to under the head of 
* stations,' the tops of all high fences whether crossed at right angles, or upon 
the skew, should be cut off so as to appear as a narrowslit in the direction 
of the line. 

In the case of a line being obstructed by buildings or stacks, 
?*^*J^ it is often desirable to range it over them, because, had they 
been visible from the point ftom which the line was selected, it 
would in all probability have been so arranged as to avoid such obstructions. 

Where, however, it is not easy to range the line over the obstruction, and it 
is necessary to continue it, this object may be accomplished by means of a parallel 
line in the following manner. 

Let xy (fig. 9) be the line, obstructed between the points B and C. 

Leave rods at A and B and erect the perpendiculars Aa and B^, make them 
of equal length, and sufficiently long to avoid the obstruction. Produce abXoc 
and d and let fall the perpendiculars Cc and D^, making them also equal to one 
another, and to Aii, B3. C and D are then upon the line x y and can be produced 
to the required distance. The lengths of A B C D should never be less than 
three times that of the perpendiculars \a and O. 

It is self-evident that great care must be exercised in the measurements, or 
the result will be anything but satisfactory. The direction of the line, too, should 
be tested (as soon as it is possible to see over the obstructions), by means of the 
distant objects before alluded to, and by the back-marks. 

Sometimes it will be found worth while to erect long poles to get over an 
obstacle, but such details must be left to the judgment of die surveyor. 

It frequently happens that long lines can be ranged from hill to hill for miles, 
in which case stout poles with large flags are necessary, and a binocular field- 
glass will be most usefuL The intermediate portions of such a line can be filled 
in afterwards. 

When crossing the summit of a hill, or the bottom of a valley, very great 
care must be exercised in setting the rods perfectly in line, and vertical, or, 
as the intermediate distances are necessarily short, the least deviation from the 
straight, will soon become serious, necessitating the re-setting out of that portion 
of the line. 

It is of advantage to leave as many marks as possible upon the line, and here 
and there, in particularly good places, special marks, such as a flag or extra large 
piece of paper, which will be visible again after some distance has been passed, 
and act as a check upon the direction of the line. 

Traversing with the chain only, is not to be commended, but 
Travtnlsg j^ sometimes becomes necessary for the purpose of continuing a 

^^^, road, stream, or boundary. By exercising great care to secure 

the best possible ties at the junctions of the lines, and measur- 
ing the same careftiUy, very good work may be done, but where long tie-lines 
cannot be obtained, the difficulty of obtaining accurate results is much increased. 
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CHAIN SURVEYING. 16 

and such a method only becomes pennissible when there is no intention of filling 
in the intervening work upon the plan. 

In arranging the main lines for a chain survey, it must be 
^"•"^K*"* borne in mind that they should be laid out in such a manner as 

of Teldoa *^ ^^"° triangles, otherwise they cannot be plotted upon the 

jTun^ paper with accuracy. 

For example, looking at the plan of Yeldon Farm (Plate I.) 
it will be observed that the base line No. i is, so to speak, the backbone of the 
survey, and is about as long a line as it is possible to obtain within the estate, 
without encountering any serious obstacle. 

Lines i, a, and 3 form the largest triangle, while lines 4 to 14 are subsidiary 
lines, no one of which could possibly fit into its place if inaccurate in length, 
whilst all of them are necessary in order to pick up the work. Line 10 is the 
principal tie-line for the main triangle and should be laid down next after i, a, 
and 3, so as to prove them. 

All the remaining lines are, more or less, proofs of the work, and are, it will 
be observed, all run as near as possible to the fences and other landmarks, which 
have to be picked up upon each, so as to avoid long offsets. Lines 15 and 16, 
together with a part of line i, form another triangle, and this is really proved 
correct without the tie-line 17, because line 16 is a prolongation of line 10, 
hence its position and direction are already fixed, and if line 15 fits, the other 
lines must be in agreement. Line 17 is, however, absolutely necessary, in order 
to delineate the position of a crooked fence, and is an additional proof, as it 
could not fit in if the other lines, or any of them, were incorrect 

Lines 18 and 20, with part of line i form another triangle, to which line 19 is 
the tie, while aoa is an additional proof of the accuracy of the rest 

Line 20 is also produced from line 18, which fixes its direction, while line ai 
checks its length. 

The objects to be aimed at in determining the arrangement of the lines of a 
survey, are always the same, viz. : — 

1. A good main line to form a ' backbone' upon whidi to build the frame- 
work. 

2. Main triangles to embrace as many as possible of the fences and other 
objects to be delineated in the plan, and thus to avoid, as far as is practicable, 
building out again and again. 

3. Lines interior to the main triangles, which, while serving to pick up all the 
work, are as few in number as is consistent with obtaining short offsets to every 
point to be fixed. It may be set down as a rule, which should rarely be broken, 
that no offset should exceed one chain in length, unless checked by a tie-line, in 
whidi case it is no longer an offset pure and simple, but a subsidiary survey 
line. 

Should small portions of the groimd still lie outside the lines forming triangles, 
such as occur on line 18, a perpendicular as there shown, may be built out (sec 
field-book) by means of the optical square or cross-staff, and Vi of any consider- 
able length, should be tied back, even if the tie-line be not required as in this 
case, to pick up work. 



Digitized by 



Google 



16 



SURVEYING. 




^-- L.3.- :.N.j 

oiaqham or main lines 

Sur vey of Yeldon Hall Fa rm 
Jcovuxvry 183 5. 




Digitized by 



Google 



CHAI^ SURVEYING. 



17 



^-.</. 









Line 3. 



no 
zo 






M 



\40 



UiH« J2_ 




1680 

less 

1622 



1265 



iUO 



30 



ZO 



4*. 



tiH» 20 



25 



2«d0 




5(7 



fiJll*Jt- 



Digitized by 



Google 



18 



SURVEYING. 




tlMK 4 



Digitized by 



Google 



CHAIN SURVEYING, 



19 



1370 






- ' 


S33 


1^ 


4ftO 


\" 


400 


)^ 


330 


r 


260 


L, 


Z10 


- 


10S 


^- 


80 


Line d 












8. 




.^7 



JZZ 



h 

Line II 



306 
Z90 kD-" 







10 



C 2 



Digitized by 



Google 



20 



SURVEYING. 



1Z36 



a 




0. 



« 



J75 



^'^0 \^^j^ «*| 



s^ 



Line 15 



441 



zes 

260 
2S0 

200 



ant 



36Z, 



y 



TX5 



y 



[16 



Link 14 



.^ 



©^'' 



/" 





J7J 




^^^ 




Z90 




240 


^00 




iio 




ISO 


; 


100 


w^-sr^ 


2S^ 

'20^ 




O 



Line 17 





LifiC \%(Line tO produced ) 



Digitized by 



Google 



CHAIN SURVEYING. 



21 




Digitized by 



Google 



22 SURVEYING, 

In order to illustrate the various processes required to make 

^r''^^^^ *^<i plot a small survey, let the student take for an example, 

Y\rii]L ^^ single field, in shape approximately a parallelogram (fig. lo). 

For the purposes of a survey of this nature, a chain, lo 

pins or arrows, a few poles, an ofifset rod, and a cross staff or optical square, will 

be required. 

One man to draw the chain will be necessary, but as in this case the surveyor 
will himself follow and direct the chain, no other assistance will be required, 
though a lad to carry poles, &c., may be usefiil. 

Time will probably be well spent by the student if he first walks round the 
boundary and himself selects the points of junction A, B, C and D of the lines 
intended to be run, and sets up flags or marks at them. 

When experience has been gained, he will probably dispense to a large 
extent, with poles and flags, and, upon entering a field will at once be able to 
determine the best way to set about surveying it. 

The points A, B, C and D, should, if the ground will permit, be selected 
within view of each other, and in such positions that lines connecting them may 
come within easy offsetting distance of the boundaries of the field. 

Having placed marks at these points, the student must stand behind A and 
direct the chainman to go forward towards the point C, with two rods or papered 
sticks, and to set one at £, exactly in line between A and C, and approximately 
opposite the point B and the other at F nearly opposite D, in convenient posi- 
tions to run the lines £ B and F D, which are necessary as ties to prove the 
accuracy of the survey. 

It must be a hard and fast rule, that no triangle shall be accepted as accurate 
until the correctness of its dimensions has been proved by a suitable tie-line, 
otherwise no reliance can be placed upon the work. 

Commence chaining from point A towards C, and call this 
Setting out a Une No. i. 

wlUi\lie ' If it is intended to obtain the area of the field, without in 

Optloal Square, the first instance making a plan of it, but not otherwise^ it will 

be necessary that the tie-lines E B and F D be perpendicular 

to the base line A C, so upon arriving at E and F these must be corrected by 

means of the cross-staff, or optical square. 

A little practice will enable the student to fix these points within a few 
links by the use of the offset rod and eye, alone, by standing facing the point 
B with his feet apart, toes about touching the chain-line, and holding his rod, 
as nearly as he can judge, at right angles to the chain. Then, glancing in the 
direction in which the rod is pointing, and he may be sure he is not very far out 
if it is fairly on point B, and he can now proceed to fix his position exactly, 
as follows. 

As the chain lies in position along the line A C, let the student, with his 
face towards the point C, and with one foot on either side of the chain, hold 
the optical square in his left hand, exactly over the chain, and look through it 
towards C. If £ is at the correct place, the reflected image of the mark at B 
will coincide with the mark seen at C. 
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24 SURVEYING. 

Should this not be so, the student must move backward or forward, as the 
case may be, keeping his eye directly above the chain as before, until the two 
marks at B and C do coincide, then the point on the chain immediately 
beneath the instrument will be the point £ required 

After a little proficiency has been acquired, the whole operation will not 
occupy more than a minute or two. 

To check the angle, and the adjustment of the instrument, take the optical 
square in the right hand, and face towards the mark at A. The reflected image 
of the mark at point B should then coincide with the mark seen at A* 

If this be not so, either the optical square is out of adjustment, or the line 
A, £, F, C is not perfectly straight In the former case the point £ should be 
fixed exactly halfway between the two points found, and in the latter case the line 
A, £, F, C must be corrected and the point £ tested again. 

The distance of point £ upon the chain-line, must now be entered in the 
' field-book,' and the chaining continued until opposite the point D, when the point 
F must be determined, and distance entered in the same manner, and the chain- 
age continued to the point C, at the fence, when the total distance is entered and 
the fence noted. 

On arriving at C proceed with the chaining of line C D and call it No. 2. 

While chaining this line, on arriving opposite the first bend in the fence the 
distance upon the chain line must be entered in the field book, and a measure- 
ment taken to the fence at right angles to the chain by means of the offset staff, 
and noted. 

If care be taken to draw the fence approximately as it appears, but as an 
exaggeration or caricature of the reality, it will be a great aid to the memory 
when plotting, and will tend to prevent any serious errors from creeping into 
the plan. 

The boimdary fences should in all cases be described, and 
j^^JJ^^JJ^ the side to which the fence belongs noted, and in some cases 
the positions of -, 

any large trees that may happen 0% 

to stand in it fl^ 

It is the custom, now adopted ^ ySB 

by the Ordnance Survey Depart- "* ,^ ^^^ — — ■* 

ment, to survey to the centre of r / ; '^** ¥ \ ^^^^ 

the fences, but it must be borne ! ^ 4 

in mind that the centre of a fence '^'^'^^ # ^mmmmmmm 

is not always the true boundary % ^ 

of a property. In the case of a %mJ fig. ii, 

fence growing upon a bank, and 

having a ditch, or a wall with buttresses or indents, the true boundary is usually 

at a cUstance of 4 feet or so from the centre of the hedge or wall. This distance, 

however, is a varying quantity, and the practice of the district should be enquired 

into, the usual rule being, that the material of which the bank is formed has been 

originally taken from the land of the owner of the fence. Thus, as the annexed 

sketch shows (fig. 11) the land belonging to A extends from arrow to arrow. 
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A convenient method of noting this in the ' field-book * (as also npon the plan), 

is by a mark thus -^ — ^— tt~> ^^ '^'^^^ "^ stands upon the side to which the 
4 leet R« xi. 

fence belongs, and the remark ' 4 feet R. H.' means that the true boundary of 
the property is 4 feet from the root of the hedge, which, of course, must be 
aUowed for when computing the area of the field. 

Field notes are most conveniently made with an indelible 

?*^^ i!Lm P^"^^ ^^ ^ "^^ Liquid ink, although sometimes insisted 

Moto^ upon, is troublesome, especially in unfavourable weather, being 

liable to blot and run, from rain. Figures, when once entered 

should not be erased, but if a correction is necessary should be boldly scored out, 

and the new figiures inserted, and if this should cause any confusion, the whole 

or the fart of the fage should be copied clearly, and a marginal note added 

stating where the clear copy may be found. 

All ' field-books ' should be paged for convenience of refer- 

TIm lidd-Book, fxice^ and are best of the form usually sold for the purpose with 

from TddoB * either one or two central lines ruled, as the surveyor may prefer. 

Faim Surv^. On reference to F. B. of Yeldon Farm (page 16), it will be 

observed that the length measurements of survey lines are 

entered by commencing at the bottom of the page and working upwards, instead 

of commencing at the top, and a moment's consideration will show that this 

is the more convenient method of proceeding. When holding the book in the 

hand and following the chain, dimensions taken from the chain-line fall naturally 

into place, i.e. those taken upon the right side of the chain are entered upon 

the right in the book, and those taken upon the left side are entered upon the 

left in the book, which would not be the case if the chain measurements were 

commenced at the top of the page. 

In order to save as much writing as possible in the field, it is advisable to 
adopt a short and dear method of making the necessary notes of the commence- 
ments and terminations of the survey lines, and other remarks. 
The following illustrate what is referred to. 
Instead of writing * Line 12 commencing from 940 an line i,' it is only 

040 
necessary to wnte * Line 13 - — .' Agam, at closmg, instead of writing * Closing 

on 14^0 line 2,' write *on — ^.' Supposing line 12 to close not upon the 

r^stered station of 1450 on line 2, but, say, 15 links beyond or short of that 
1450 1450 

station, write, * on TTT^ 'or * on — -* ' as the case may be. 

2 2 

This will give a full record of how the closing point has been arrived at, and 
as mistakes will sometimes occur, no matter how careful one may be, this method 
affords an easy means of checking that particular point. 

When making large surveys, it is always advisable to lay down the lines on 
paper as soon as possible, in order that, in case they do not fit, any error may 
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be quickly discovered while the marks are still upon the ground, and the whole 
work fresh in the mind of the surveyor. The adoption of this rule will help to 
make the work of surveying a pleasure. 

A distance underlined thus ^ 920 ' in the field-book denotes that a \ station ' or 
mark for reference ' has been left upon the ground, while a cirde and dotted 
line thus, *0"' ' indicates that another survey line is arranged to be nmia 
the direction of the dotted line. 

If any particular form of mark has been cut upon the ground it is just as well 
to sketch it in the book as a ready means of identification. 

' St.' on a fence means that the fence is straight to the next point surveyed 
upon it, on whatever line it may be. ' Stm.' means ' stream ' — ^the direction of the 
ciurent is usually denoted by means of an arrow, thus, ' lK-> ' 

The methods of indicating the various kinds of wooded lands, such as oak 
woods, mixed woods, fir plantations, orchards, &c., are more properly subjects for 
planning, than for field-book keeping, and will be treated of under that head. 
They may be indicated in character in the ' field-book,' though it is better, in 
order to avoid mistakes, to make written notes with reference to them, as welL 
Adjoining owners' names should always be ascertained and noted. 

Scales can be obtained of any desired pattern, and to any 
^******^ • proportion. 

Those for plotting surveys made with Gunter's chain, are 
usually 12 inches in length, and marked upon one side, in 
chains and decimals of a chain, and upon the other side, with an equivalent scale 
of feet This is useful in case it is necessary for measurements to be scaled or 
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plotted in feet, as in the case of buildings and building land, the dimensions of 
which are generally made up in feet, 

Offtet scales (fig. 12) are similar to the above, but only about 2 or 3 inches in 
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lengthy and frequently without the ' feet equal ' side. It is very desirable that the 
cero of the offset scale should be at the centre of its length, and not at one end. 

The scale to which any given plan should be plotted depends so much upon 
the object for which the plan is intended, and the size of the piece of ground 
or estate, that it is impossible to lay down a hard and fast rule. 

The following are some of the scales commonly used in England by land 
surveyors. 

Lilt of BoalM - — or i chain to an inch. For small estates and single fields. 

--g- „ 2 chains „ Ditto and for working surveys. 

I ( For I St class tithe maps of England 

2376 " ^ »• ^ 1 and for large estates. 

„ 4 „ „ Ditto. 



3168 

I 



3960 " 5 - n Ditto, 

j^ » 6 „ „ Ditto. 

-i- 8 

6336 " ^ " 



Ditto. 



„ 100 feet to an inch. Building and engineers' plans. 

„ 200 „ „ Drainage schemes, &a 

^ „ 400 „ „ Ditto. 

z I Surveys on which workmg draw- 

"120 " ** " I ings are designed. 

—^ » 20 „ „ Ditto. 

^ » 30 1 n Ditto. 

;^ „ 40 „ » Ditto. 

MediiunOrd.1 i , ., . • u ic • u * -i 

r T- I J r — TF" or 4 mile to an mch = 6 mches to a mile 

of England. J 10,500 • 

Minimum 

scale of 

or} 



deposited 
plans. 



i5»84o 
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SmaUOid \ 
map of 
England. 

Large Ord. 
of England. 



or I mile to an inch s i inch to a mile. 



63,360 



or '03946 „ 

2,500 



'25,344 inches or 
2*112 feet to a 
mile. 



•New' Ord. \j_^^ 41-667 ft to an inch = 10-56 ft. to a mile. 
8C. for towns. I 500 

'Old' ditto. 7^ »i 44 »i « 10 „ 

It always well repays the surveyor to make a diagram in the 

J^jJJ^ ^ 'field-book' of the main lines run, vide F. B. of Yekion Farm, 

lUld-Book ^^^ ^ ^^^^ VL'^oa it their numbers, lengths, and directions. 

This diagram will be found of great assistance when laying down, 

and fitting the lines upon the plan, and constant reference to the ' field-notes ' is, 

to a great extent avoided, while plotting and proving the principal triangles. 

All original plans should be plotted upon the best hand-made, 

Y)^ " rough, double elephant drawing paper, mounted upon brown 

holland, and well seasoned. If the plan is a very large one, it 

should have a thin paper mounted between the double elephant and the brown 

holland, in order to give it an extra substance. 

Machine-made papers should be avoided, as they are more liable to become 
distorted by contraction than hand-made^ and in case of alterations being neces- 
sary, are rendered rough and unsightly by erasures, while the abraded surface 
takes up dirt very rapidly, and cannot be effectually cleaned without injury 
to the plan. 

The position of the first, or main line, should be carefully 
LiAM^n PlML ^^^"^j ^"^^ ^ ruled in, that the whole plan when completed, 
will be well placed upon the paper. If it runs true north and 
south so much the better, but this is not essential for estate purposes. 

A steel straight-edge is the most suitable kind of ruler, and may be obtamed 
of any desired length. 

Some surveyors use a hard, fine-pointed pencil for ruling in the lines, and 
afterwards ink them in with faint blue, while others use the eye end of a needle, 
which makes a fine indented line without scratching the paper. 

A fine needle-point should be used for pricking off the stations^ and each 
lo-chain mark. 

This latter is a practice greatly to be commended, as it saves much time in 
the adjustment of new stations upon any of the main lines, after a possible expan- 
sion or contraction of the paper. 

No matter how carefully seasoned a piece of paper may be, there will always 
be some movement of this kind, when once work has been commenced upon it, 
and many good plans are spoiled by the want of the precaution above men- 
tioned. 

It is advisable to lay off the first few main lines a little full in length, if the 
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survey is of considerable size, for owing to the heat of the hands in working upon 
the paper, slight contraction is sure to occur. 

Then again, if the paper be kept in a damp room, expansion may set in, and 
thus it is constantly varying in size. If however, every lo chains b marked, 
no difficulty need be experienced inl plotting the details correctly, or in inserting 
new lines. 

The main line having been laid down, and the stations where the lines of the 
principal triangles join it, marked off upon it, arcs must be struck to intersect each 
other, with these stations as centres, and the lengths of the sides of the triangles as 
xadiL 

These radii are usually struck by means of a beam compass. 
Beam Oompaii. ^^ compass pomts fitted to a rule, or straight-edge, and capable 
of adjustment for length. The ordinary jointed compasses are 
not, as a rule, long enough for the purpose. 

An excellent substitute for beam compasses can be made in the following 
manner. 

From the edge of the paper upon which you are about to make your plan, 
or from a similar piece, cut a narrow strip about half an inch in width, and rule a 
fine line down the centre of it Commencing about i inch from one end, mark 
off the lengths you are likely to require, pricking each through the paper, so that 
a fine pencil-point may be pushed through it Then, with a fine needle passed 
through the mark at zero, and also inserted into the station upon the main line, 
and with a fine pencil-point passed through the strip of paper at the length of 
the radius which it is desired to strike, an arc of a circle of the required radius 
can be drawn in with accuracy. 

The strip of paper described above, should always be kept rolled up in the 

plan in order that it may expand and contract in the same ratio as the plan itself. 

Referring again to the survey of Yddon Farm, page 15, and 

^^^^ to the diagram of lines in the 'field-book,' page 16. Line i 

th« Han. having been laid down, and the stations upon it marked, it is 

required to lay down lines 2 and 3. 

With the station at 288a as a centre, and length of line 2, i6aa as a radius, 
strike an arc in the direction in which line 2 was run, then with 0*00 on line i 
as a centre and the length of so much of line 3 as is necessary for a radius, viz. 
2555, strike another arc intersecting the former one, the point of intersection of 
the two arcs, if properly drawn, will give all that is necessary to complete the 
triangle. Before, however, this is finally accepted as correct, and pricked off, the 
length should be carefiilly tested, and line xo also (which forms the principal 
proof-line of this triangle), should be tried, from 1825 on line x to this same 
intersection, and if that also fits, then the point should be carefiilly pricked off, 
and lines 2, 3 and 10 ruled in. 

Line 10 should then be produced, this production being called line 16 in the 
'field-notes,' its length 568, should be pricked off, and line X5 applied, which 
ihould then measure exactly 1296 to point 2882 on line x. 

The triangle formed by lines x8, part of line 20, and part of the main line i, 
should then be laid down, and proved by means of line 19. 
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Wheii these lines have been plotted from the diagram^ the 'field-notes' 
may be taken up, and all remaining lines laid down in almost numerical order. 

If care has been taken with the main line measurements, all the minor ones 
will fall into place, and will fit, within at all events, the margin allowed fpr per- 
missible error in chaining. 

Should any greater differences than those which are allowable be apparent, 
an error of some sort should be sought for, and it will generally be found that 
some mistake has been made in marking off the lengths on one or more lines, 
or that some line has been ruled to a wrong point The mistakes thus made in 
the office, are at least three times as numerous as those made in the field, and in any 
case, the actual pomt of error may be so closely located, that it can be readily 
pitched upon in the field, without re-chaining more than one or two lines or parts 
of them. 

It may not always be possible to remain in the neighbourhood of the survey 
until all the detail is plotted, but at all events, it is exceedingly unwise to leave it 
until every line has been laid down and proved to be correct, either upon the 
plan itself or upon a diagram drawn to scale. 

If this be done the surveyor may leave the neighbourhood confident that, 
at the worst, only a few cases of error in details are possible, and that these 
will probably be discovered when plotting. 

Most surveyors manage to keep their plotting closely up to the field-woxk. 
The first wet day affords an opportunity of getting the main lines laid down, after 
which, it is easy as a rule to keep the plotting well in hand, either by working 
in the evening, or by rising earlier in the morning. 

For plotting the details, an offset scale as already described, 

52S^«»tt. page 27, is required. . ., . 

yi^y When the survey lines are laid down and proved, for the 

whole, or for a portion of the survey, the details can be pro- 
ceeded with, and here again the precaution taken to prick off each lo chains 
upon the main lines, will come in very useful. 

Practically, the art of plotting is simply that of reproducing upon paper to a 
small scale, and in true relative proportion, the actual measurements already 
taken ' in the field* and recorded ' in the field-book ' 

As offsets have sometimes been recorded upon one side of the chained line, 
and sometimes upon the other (as when skew fences or streams have been 
crossed), or on both sides (as when surveying roads), it will be foimd more con- 
venient and expeditious to lay the long scale parallel (but not close as is often 
done) to the line in question, and at such a distance that the zero of the offset 
scale shall coincide with the survey line. 

The scale should then be weighted down at both ends, and the offset scale 
left free for the work. This method of plotting, especially if the details are very 
numerous, will be found to afford facilities for ruling in from point to point, and 
drawing in details, which would not exist were the long scale laid close to the 
survey line. 

It will probably give the beginner some little trouble to get into the way of 
fixing his scale accurately in position, but with perseverance he cannot fail to 
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become an adept at it, and the ease and expedition with which the work can 
then be plotted, will soon convince him that the result was worth the trouble. 

In the ordinary way the scale is laid close to the line, and the offsets upon 
one side of it plotted first. The scale is then laid upon the other side of the line, 
and the remaining offsets plotted. This method, however, does not enable the 
surveyor to recall his every movement when in the field, with the same facility 
as the first-mentioned, and consequently, it does not enable him to so easily 
detect an error in * plotting ' or even in * booking.' In plotting, the points should 
be marked off either with a very hard finely pointed pencil or be pricked in with 
a fine needle. 

The ^ ruling in^ should be done with a medium pencil, which can be cut to 
a fine chisel-shaped point, and will admit of the lines drawn being erased with 
india-rubber when necessary. 

The surveyor should acquire the habit of reading his 'field-book' when it 
lies in any position upon the table, so that the line in the book may always be 
placed before him in the same direction as the line he is plotting. 
This will save much confusion especially in complicated work. 

After the work is all plotted, and any errors or doubtful 
Plu/ud TitilAi points examined and corrected, the next thing is to ink it in. 

This must be done with a drawing pen, and Indian ink should 
always be used, as it is practically everlasting, while other inks sooner or later 
either fade away or injure the paper. It is usual to show by characteristic signs, 
all leading features such as woods, plantations, gardens, quarries, sand, gravel or 
clay pits, tips, spoil banks, railway banks and cuttings, and such like, also to 
colour all dwelling houses carmine or lake, all other buildings Payne's grey 
or neutral tint, rivers and other water blue, &c. 

For these and the printing, unless a highly ornamental finish is desired, the 
characteristics published for the 6-inch, 25-inch, and other Ordnance maps of 
England, may be taken aa a guide, except that more detail is put upon these 
maps than is desirable or necessary for estate plans. In fact the superabundance 
of trees shown upon the 25-inch Ordnance map is a source of annoyance when 
tracings are required. 

A title of a more or less ornamental character should be printed upon the 
plan, 
flealt and A scale and a North point must also be drawn. The latter 

Moith Point should be plotted firom the * field-notes,' and drawn upon the plan 
on Plan. ^ some convenient space off the surveyed work. 

The direction of true north, or the meridian line, should be 
Xefhodi of ascertained in the field, before the actual chainage has com- 
^Jf**"™*^**"* menced. It may be found by any of the following methods, 
of Tree Horth ^* suffiaent accuracy for small surveys : — 

I. By means of the magnetic compass, the variation of which 
from true north may be seen by reference to * Whitakefs Almanac' 

2. By ascertaining true ' local time,' and taking the direction of a shadow cast 
by a vertical rod at mid-day. 

3. By means of a vertical pole and its shadow, as follows (fig. 13). Select 
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a convenient station upon the main line, where the ground is smooth and level, 
and plant a pole there firmly and truly vertical. 

About one or two hours before noon, mark with a small p^ the extreme end 
of the shadow cast by the pole, and with the foot of the pole as a centre and the 
distance to the peg as a radius, describe a seg- 
ment of a circle upon the ground in the direction 
in which the shadow is travelling. 

When the sun begins to decline, watch until 
the extremity of the shadow again coincides with 
the circle, and drive another peg at that point 
Bisect the distance between the two pegs, and a 
line through the station and this point, will be in 
the direction of the true north. This line should 
be extended to a sufficient distance to enable it 
to be accurately surveyed. 

In case the sim is likely to be obscured by 
passing clouds, it is well to take two or more 
points, at say, lo minute intervals before noon, 
and strike two or more corresponding arcs. 

All these methods are sufficiently near for 
chain surveying, but when angular instruments 
are used, other and more exact methods must 
be employed. 

The 'fields' and ' enclosiures ' should now be numbered 
A Tente to ^^^ ^^ ^^^^ ^f ^^^ calculated. A 'Terrier' is then made, 
Pl^^^ which should exhibit at least the following particulars, in its 

columns: — 

1. The numbers by which the enclosures are distingushed upon the plan. 

2. The occupier's name or names (if more than one) in fiilL 

3. A description of each enclosure (Le.) whether simply a field, a field and 
pond, a farm-house, a garden, homestead or orchard, &c. 

4. The state of cultivation, whether arable or pasture. 

5. The area in acres, roods, and perches, or acres and decimals, as may be 
required. 

6. A column of general remarks. 

The items in the terrier may be entered either in their numerical order, or in 
collected form. 

It is best to have it in both, especially if the estate is a laige one. 

The collected terrier is one in which each tenant's holdings have been 
collected together, and the total quantity of each is carried to a general 
summary. 

This sum total should, of course, agree with the sum total of the numerical 
terrier. 

Many estate agents have their own particular forn^ of 'Terrier,' and may 
require separate columns for the quantities of arable or pasture land, woods, 
buildings, &&, in addition to a general column. 
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The area included under each number must be ascertained, 
and since when using an ordinary scale to obtain them, all 
enclosures of whatever shape have to be resolved into triangles, 
right-angled parallelograms, or trapezoids, a description of how 
to calculate the areas of these figures will be sufficient 

z. The area of a triangle is found by multiplying its base by half its perpen- 
dicular or vice versd. It may also be found from the lengths of the three sides, 

thus:— _^__ 

Area - s/S X (S- a) x {S - 3) x {S- c), 

tf, 3 and e being the three sides and S their half sum. 
Or, putting it into words : — 

From half the sum of the sides, subtract each side separately, and multiply 
together the half sum and the three remainders. The square root of the product 
will be the area required This method is rarely used 

2. The area of a right-angled parallelogram is found by multiplying the length 
by the breadth. 

3. The area of a trapezoid is obtained by multiplying the perpendicular 
distance between the parallel sides, by half the sum of the parallel sides. 

The areas of enclosures may be obtained from the ' Field- 

Araui^ftmn^ Notes' direct, without reference to a plotted plan, but when it 

lidd-Motea. ^ desirable to do so the survey lines must be specially arranged 

for the purpose. 

In the case of the * single field ' (fig. lo) illustrated upon page 23, the survey 

lines were so arranged, thus : — 

The line A C formed the common base for the triangles ABC and ADC 
while B £ and F D were purposely set out to form the perpendiculars, and these 
two triangles embrace the bulk of the area of the field. 

The remainder can be dealt with by using the portions of the chained lines 
l3ring between each pair of ofifsets as the length for each trapezoid, and the average 
length of each pair of ofisets as the widths. 

Detail! of Working out of the area of the single field See table, page 

Worldiig Out 34, which refers to field-book, p. 33. 

The result of the following calculation is recorded in square links, the chain 
used being the ordinary one, of 66 feet Since there are 100,000 square links 
in an acre, it is only necessary to mark ofi; by means of a decimal point, five 
figures from the right, when the figures to the left of the decimal point represent 
the acres, and those to the right decimals of an acre. 

The quantities are given in these units upon the 35-inch Ordnance maps of 
England When an apparent division occurs, such as a road, or pathway the 
sign U> is used to indicate that this is included in the total area given. 

If the result is required in acres, roods, and perches, it is necessary 10 mmtiply 
the decimal portion by 4 (the number of roods in an acre), and again cut off five 
figures, when the figure on the left of the point will be roods, multiply again by 
40 (the number of perches iir one rood), and again cut off five figures, the result 
b in perches, and decimals of a pole or perch. 

D 
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It will also be seen that in this case iq\ chains of fence belong to the field 
and 23 chains do not, leaving an excess of 2\ chains, of a width of 6 links, to be 
deducted from the total quantity. 




Deduction for fences 

= 250 X 6 
s= 1500 sq. links 
= *oi5 acre 
= 2*4 perches. 

Final area, 11 '494 1^^ 



1,150,942 sq. links. 

11*50942 acres 

4 



a* 33798 «xxl«« 
40 



13*50720 perches. 



Area = 11*509 acres, or 11 acres, 2 roods, 13*5 perches. 
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If the chain used had been one of loo feet in length, the result would of 
course have been in square feet, of which there are 43,560 in an acre. 

The foregoing method gives the area with the greatest possible accuracy, 
but when it is determined to make use of the ' field-notes ' for this purpose, 
great care must be exercised to so arrange the survey lines in the field, that no 
piece of ground be taken into accoimt twice over, and that no piece be omitted 
altogether. 

Such cases are likely to occur at the comers of fields, unless proper precautions 
be taken. 

The best method of avoiding such double measurements, is to commence each 
line from a station upon an existing line, and to produce it through the point 
from which the next line will start, until it strikes the boundary. 

Thus line 2 commences from 1670 line i, and is continued beyond 660 the 
actual closing point from which the next line starts, until the boundary fence 
is reached at 687. This, enables the surveyor to run an ofiset to the comer by 
which to obtain the area of that small piece, which otherwise would be omitted 
from the calculations. Likewise line 3 commences firom 660 line a and is run past 
1350 the starting point of next line, and lines 4 and 5 are treated in like maimer. 

When the survey embraces a considerable acreage of land, or even more than 

a single field, the areas are usually obtained from the plotted plan, and in that 

case the enclosures have each to be divided up into triangles and trapezoids, &a, 

and their dimensions scaled from the plan. 

Had the foregoing example of a ' field ' formed part of a 

f*** ^* large survey, the method of obtaining the area would have been 

]avB0 wrwv 

^ Mala only. pnu:tically the same, except that the boundary fences, which 

form no obstmction to an imaginary line drawn upon the plan, 

would be equalised, as far as possible, by give and take straight lines, and thus 

the number of the figures to be worked out would have been reduced to as few 

as possible, and in this instance might have numbered two laige triangles and 

two small parallelograms. 

The method of arriving at the area by means of the 'conv* 

~**^^ puting scale ' must now be considered. 

j ^ i ^ ^^ The * computing scale ' can be obtained to any scale, and to 

give results in acres and decimals, or in acres, roods, and perches, 

as desired. It b simply a device by which the number of chains passed over by 

the sliding vane is recorded, and to this end it is used in conjunction with a 

piece of transparent paper, ruled with parallel lines at a fixed distance apart (say 

one chain) as noted on each scale. 

It is manifest that as 10 square chains make one acre, a length of 10 chains 

upon the scale has simply to be divided into 4 parts for roods, and these again 

into 40 parts to represent perches, or the whole xo chains can be marked 

decimally with equal facility. 

For small irregular enclosures this system is much quicker than that of 

dividing each field into imaginary figures, and scaling their dimensions, as already 

described, indeed the whole operation is simply mechanical — ^no calculation 

whatever being necessary. 

i> a 
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The scale consists oi 1.^0 parts. The scale itself, and a small sliding fiame, 
carrying a fine wire or hair at right angles to the scale. 

To use the scale. Set the centre of the sliding frame to zero, placing the 
scale upon the paper in the same 
direction as the lines, and with the 
wire so adjusted that the portion 
marked ' a ' in the above diagram, 
fig. 14, is equal to the portion 
marked ' hj then, holding the scale 
firmly, slide the frame forward until 
the wire is in such a position as 
to make the portion marked 'r' 
equal to that marked ' d^ then lift 
the scale bodily, taking care not to 
disturb the sliding frame, and com- 
mence upon the next line, making 
^e^ equal to '/' then slide the frame 
on till ^g* equals *^,' and so on 
until the whole length of the scale 
is used If the field is not then 
completed, make a small mark or 
dot immediately under the wire, 
and commence from the right 
hand and work backwards to the 
left It will be seen that the scale 
is figured from left to right upon 
the upper side, and continued from 
right to left upcHi the lower side, 
for a 3 chain or 25 '344-inch scale 
it is usually 5 acres in length, so 
that double its length, or 10 acres, 
can be run ofi*, before making any 
special note. 

The degree of accuracy attain- 
able by the use of this instrument 
is proportionate to the skill of the 
operator in the equalisation of the 
boundaries. 

A 'universal computer' is made 
in which the scales are interchange- 
able, and its case usually contains 
scales of I, a, 3, 4, 5 and 6 chains 
to an inch, as well as, 6 inches, 
and 5 feet to a mile. Ruled trans- 
parent papers, or parchments to 
match, are also obtainable. 
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It is manifest that any required scale could be fitted to such a slicling frame. 

If a 'universal computer' be not available, it is useful to 

^T'^^IS'^ know that computing scales to one scale, may be used for plans 

pap«n.' ^^ other scales, either by correcting the quantities by a table of 

equivalent areas, or by using papers, the parallel lines of which 

have been adapted in width to meet the special case. 

These ' adapting papers,' unlike those for ordinary scales, cannot be purchased, 
and must be made by the surveyor himself, in fact it is as well to prepare all 
one's own papers, as they are easily and quickly made, either on tracing paper 
or on linen, and when soiled, can be replaced by clean ones. 

For an 'adapting paper' the required width for the lines is arrived at in the 
following manner : — 

The number of square chains in one square inch upon the plan, divided by the 
number of lineal chains to one lineal inch upon the scale, will give the number 
of lines to be ruled to i inch upon the computing paper. Suppose it is required 
to scale a plan plotted to 3 chains to an inch, with a 4 chain computing scale 

^gQ 3^3 s ^ -s 2'25 lines per inch, or 32*5 lines to 10 inches, which makes 

4 4 

it easy to divide up. Again for a 4-chain scale to be used with a 5-chain plan, 

S-^L5 s 6' 25 lines to an inch. 
4 
In the above cases a proportion common to both plan and scale is given, in 
chains to i inch, but where this is not the case, some common denomination 
must be found. Thus to use a 3-chain scale to scale a 25*344 inches to the 
mile plan. Here inches per mile is a convenient denomination. 

3 chains to i inch « 26*6 inches to a mile, then ^5 344 x 25 34 4 

26*6 
ss 24*087 inches to be divided as if for i mile, or So chains. 

Another means of arriving at areas, is by the use of Amsler's 
'nnuLtar/ * Planimeter,' which in its improved form, may be adjusted for 
any scale. The result is read olQf in square inches and decimal 
parts, or square acres and decimals, as the case may be. 

This useful instrument consists of two arms, hinged together, one of which 
18 of fixed length and furnished with a fine needle point for fixing it to the plan, 
forming a centre round which the whole instrument is free to rotate. 

This needle point is kept in position by a small weight placed above it 

The other arm is of variable length, and capable of adjustment to suit any 
scale. 

At its extreme end it is provided with a tracing point, which is free to move 
in any direction. It also carries a drum or wheel, which is rotated by the contact 
of its rim with the surface of the plan as it is dragged over it, and also with 
another wheel which records every complete revolution of the drum. 

One complete revolution of the drum is ten whole numbers, of whatever 
denomination is being used. It is fitted with a vernier which is capable of being 
read by the eye alone, to two places of decimals, and by the aid of a magnifying 
glass, to a third place. 
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When using this instrument, first adjust the variable arm to the mark upon 
it indicating the requisite scale, and then place the instrument upon the plan 
in such a position, that while the fUedU-point^ with the weight upon it, remains 
stationary at some spot a convenient distance outside the field to be measured, 
the tracing point upon the other arm can be run all round its boundary. The 
tracer must first be placed at some conspicuous point upon the boundary, 
and the reading taken, it must then be passed carefully roimd the entire boundary 
of the field (in the same direction as that in which the hands of a watch revolve) 
imtil the starting point is again reached. 

The reading upon the wheel and drum, must then be taken again. The 
difference of the two readings will be the area of the field. 

It is possible, by very delicate handling while holding the tracing point in 
position upon the boundary of the field with one hand, to turn the drum to zero 
with the other, so that after passing the tracer round the field, the area can be 
read off direct 

In case the adjustable arm is not marked for the special scale required, 
a simple, and probably tlie surest method of adjustment, is to mark out a square 
or parallelogram of ten acres, and by trial, adjust the sliding bar until the 
instrument records exactly one revolution of the drum, after the tracer has been 
passed round the boundary. 

This instrument is extremely sensitive, but if skilfully used, is a great help to 
those who have a large number of areas to take out 
Xethodk of Formerly, when great accuracy was required in making 

«»>Miig linear linear measiu-ements, such as for base lines for national 
meararem«nti trigonometrical surveys, it was customary to employ rods 
with t3io Steel naade of glass or metal, whose lengths were known at a given 
IJ^j^ *" temperature, say 60° Fahr., additions or deductions being made 
aoemaey is for any variation above or below that temperature, or com- 

reqnixed. pensated rods made of two metals were sometimes used. 

Nowadays, however, steel tapes are taking the place of the 

Bt!^Sf^tor ^^^^^ (especiaUy in the United States), it having been found 

1^^^ that quite as great a degree of accuracy can be attained by their 

use, sufficient care being taken in the first instance to ascertain 

their exact length, and the necessary corrections made for any 'rise' or 'fall' of 

temperature. Tapes have the advantage of being much more convenient to 

use than rods. 

The section of tapes used in practice varies from * o* 1235 X 
'^ 0*005 ' to '0*25 X o*o2 ' of an inch (the latter weighing } oz. 
per yard), and the length from 66 feet to 100 metres. The latter is generally 
employed for important work, such as measuring a base line for a laige trigono- 
metrical survey, and it is divided into 30-metre lengths. For purposes of carriage 
these tapes are rolled on reels, and loops are formed at each end by annealing 
and riveting it back on itself, one for securing the rear end to a stake, and the 
other for attachment to the apparatus by means of which the tension is applied. 
The lighter section has the advantage of offering less surface to the wind, and for 
dew to condense on. 
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The best form of ' tension apparatus' consists of two equal 

.,«,^»»^ » ibr ^^^^"^ attached at right angles with a knife-edge bearing at the 
^P^^ elbow. The tape is attached to the vertical arm, and the hori- 

zontal arm is provided with a spirit level and weights, or a spring 
balance, by means of which the proper degree of tension is applied, this should 
vary from lo lbs. to 2^ lbs. according to the length and weight of the tape used. 

Between the rear end of the tape, and the stake to which it is secured, there 
should be a slow-motion screw to adjust it in position. 

The best method of marking the leading end of the tape, is by means of a 
vernier fixed on the head of a stake and raised by a screw under the tape. The 
graduation extends 9 mm. each way, which being divided into ten parts reads 
to ^ mm. The screw is provided with a hook in the centre of its head to 
which a plumb-bob may be attached. 

The true length of, say a 100 metre tape, may be determined in the following 
manner. Select a level piece of ground and drive supporting stakes 10 metres 
apart, the heads being ranged in line and levelled. The tape is then secured 
in position and the tension applied. Its length can then be measured with a 
standard bar, the correction for temperature being applied. The temperature 
of the tape is constantly observed during the operation, which is repeated 
iiom 50 to 100 times, the differences being averaged by the ' method of least 
squares.' By this means the probable error in the length of the tape can 

be reduced to — ? of its total length. 

500,000 

Where an important ^ base line ' has to be measured, marking 

^^"^ and support stakes are ranged and adjusted beforehand 10 to 



30 metres apart to save time when measuring. The measure- 
ments should be made at night, so as to be subject to the smallest possible range 
of temperature. The number of men required is about 12. An observer at 
each end of the tape, a thermometer observers, i recorder, 3 stretchers and 
5 men to carry lamps, and bring forward the tape after each length is measured. 

The rear extremity is first adjusted by bringing the zero exactly over the mark, 
by means of a slow-motion screw, the vernier reading of the leading end is then 
noted and the exact distance recorded, the readings of the thermometer are 
entered and the chain advanced. By this procedure about a kilometres may be 
measured per hour. 

To obviate the tendency of the temperature of the tape to lag behind that 
of ^ air, the measurement of a line should be made first with a rising and then 
with a falling thermometer. This is repeated several times in opposite direc- 
tions, and a mean taken, the range of die differences should not exceed about 

— ? — of the entire length. 
160,000 

If the ground is not level the measured length must be 

J^^^^^ corrected and reduced to the true horizontal length. 

If L = length as measured 

h = difference of level 

Then Horizontol length = ^~\? - h\ 
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Changes of temperature are allowed for as follows ^— 

(anag J*^ " If A = nominal length of tape. 

TtDpentnro. a = small excess over round numbers, 

a = rate of expansion. 

/ = temperature in degrees C. 

Then L = ( A + a) + o /. 

On the survey of the city of Sydney, where a tape 66 feet long, and \ inch 

wide, was used, it was found that the rate of expansion was equal to 0*005 inch 

per 1° Fahr. 

It sometimes happens that it is convenient to omit one or 

more supports, in which case the length must be corrected as 

follows : — 

■upporti ftio If ze/ = weight per unit length of tape. 

«"***•*• r = tension applied. 

w 
a = — • 

r 

n = number of equidistant supports. 
/ = length between do. 

L = total length of tape under standard tension ^ nL 
Ik = reciprocal of modulus of elasticity multiplied by 
sectional area of tape. 
Then ny change in length A L, due to a change A r in tension, 

/ Ar 

'^ la r 

Example. If « = 10. 

/ = 10 metres. 

ft; = 22*32 grammes per metre. 
r = 2si lbs. = 12,566} grammesL 
«* = 37* X lo"*. 
/I A r = 16 X lo"* per gramme unit, 
or = 450 X lo"* per ounce. 
Hence 

If A r s I ounce, 

«//AAr = 10 X 10 X 450 X lo"* = -045 mm. 

— a^n/^ = — X 372 X lo"* X 10^ X — 7: = •0076 mm. 

la r 12 408 

• *. A L = 0*0526 mm. 
For 100 m. tape, supported every ao m., 

AL = — X 37a X 10"' (5 X ao" - 10 X 10') = 4*65 mm. 

For further information on this subject vide * Transactions of the American 
Society of Civil Engineers/ voL xxx. page Su 
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CHAPTER 11. 
OPTICS, MAGNETISM, THE SPIRIT BUBBLE, ETC. 

Before describing the various instraments used for taking ob- 
servations when surveying, it is desirable that the student should 
have before him a short account of the optical principles 
involved in their construction. The writer also considers that a few words on 
magnetic forces, atmospheric pressures, and the spirit bubble, will not be here 
out of place. 

Optics. 

The course of a ray of light after reflection follows two 
simple laws, viz. {^de fig. 15). 
First law : — The r^UcUd ray Ues in the same plane as the incident ray. 
Second law . — The angle of reflection is equal and opposite to the angle of 
incidence. 

These laws equally govern the reflection of rays from the faces of glass prisms, 
with that of rays incident on plane reflecting surfaces. 
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PIG. 16. 



With a right-angled prism (fig. 16), the incident ray f entering perpendicular 
to the face//; and meeting the hypothenuse at an angle of 45** (an angle with the 
normal greater than the critical angle, hereafter described under the head of 
* Refraction '), is reflected and does not emerge, but proceeds at right angles to its 
original course, leaving the prism perpendictdar to the fece/'/*. 

Prismatic reflection is used where practicable, since the reflecting surface if 
covered, and therefore free from dust or dirt 
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Let AB (fig. 17), represent a mirror capable of rotation 

about an axis through O, and let I O represent an incident ray. 

In the first position of the mirror the ray will be reflected 

directly back upon its course, 

but on being turned through 
an angle A O A' s a, to its second position 
A' OB', the incident ray will be reflected in 
the direction OR. If N O be the normal to 
the mirror in this position, then the angle of 
incidence I O N = a' is equal to the angle of 
reflection N O R = a" (both being equal to a), 
hence the deviation of the reflected ray is double 
the angle I O N = the angle A O A' through 
which the mirror has been rotated It thus 
appears that, when a plane mirror is rotated in 
the plane of incidence^ the direction of the re- 

fleeted ray is changed by double the angle through which the mirror is turned. 
Advantage is taken of this principle in the construction of the sextant 

The ' properties of a lens ' depend on the fact, that a ray of 

light passing obhquely, from air into a dense, transparent me- 
dium, and conversely, is bent^ or as it is termed, refracted^ at a certain angle towards 
the normal to the surface of the dense medium (in the present instance, gUiss). 




FIG. 17, 



SiCrftOtioB. 




The ray on entering, is termed the incident ray, and when leaving, the emergent 
ray. 

There is no known medium which refracts the component coloured rays of a 
* pencil ' of white light at a uniform angle, the pencil of white light becoming 
dispersed mio rays of all colours, and forming the rainbow. In considering 're- 
fraction ' in its simplest aspect, it is therefore necessary, to follow the coun^ of 
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me of die rays composing a pencil of white light, such as the red^ yellow, green, 
&€., that is, a monockramatic ray, 

£veiy transparent medium has a special power of refracting rays, hence 
different kinds of glass refract in different degrees, a quality made use of in 
making achromatic lenses and object-glasses. 

First law : — The plane of refraction lies uniformly in that containing the 
incident ray, and the perpendicular to the plane separating the two media. 

Second law : — The ratio which the sine of the * angle of incidence^ bears to the 
sine of the * angle of refraction^ is constant for any two transparent media. This 
ratio is termed the ' index of refraction! 

The second law of refraction is exemplified by the following diagram (fig. i8). 

Let P P be a perpendicular to the surface of the plane of the dense medium 
(glass) with air above it, and S S' the surfisure separating theses media. All re- 
fractions are measured from this perpendicular, or normal. The incident ray I C 
is refiracted toward this normal to R. Let the angle I C P = / and the angle 
R C P' B r, then it is found that sin /: sin r is a constant ratio according to the 
density of the glass, and is usually expressed by the equation sin i s /a sin r, 
ft being termed the ' index of refraction! For example, if sin i s Vp* measures 
3 parts whilst sin r s R/ measures 3, the 'index of refraction ' /a b } or 1*5. 

This law is the same for an emergent ray. 

The following table gives the ' indices of refraction ' of several substances : — 

Indices of Refraction. 



Diamond • • 2*44 to 2*75 
Sapphire. . • 1*79 



Rock salt .... 1*54 

Alcohol I '37 

Humours of the eye . i * 34 

Pure water .... 1*34 

Air at 0° C. = 32** F. and 760 mm. pressure 1*000294. 



Flint glass . . 1-57101 '64 
Crown glass . i * 53 to z * 56 



Since the angle of the 'incident' ray with the normal, is 
ofl^frMtiLrar ^^^y^ greater than that of the * refracted ' ray, it is obvious that 
with an emergent ray from the denser medium, there is a certain 
limiting angle, beyond which the ray will not emerge, but will be internally 
reflected With ordinary glass this limiting, or critical angle, as it is termed, is 
41** 48' 37" from the normal. This property of refraction, turning, as it were, into 
reflection, is made use of in the construction of several optical instruments. 

If « s the critical angle, and /a » the index of refraction, then sin 4? a • 

Let A B (fig. 19), represent the base of an equilateral prism 
J""'** or axis of a lens, being in the direction of the line joining a 

luminous point O with the eye. Let a ray a from O be so bent 
in its course through the prism, that it becomes parallel to the base, and after 
emerging, reaches the eye at a point in the axis, equidistant with O from the 
prism. If the rest of the prism be covered up, we should see the image of the 
luminous point O. If we now assume a prism of similar density but of less 
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angle, whose base is A' B', a ray ^ from O will pass through the prisms parallel 
to the base, and meet the eye at the same point as the ray tf. Similarly for 
other prisms of still lesser angles. As- 
sume now that a half lens, as shown, 
has its surfaces so ground as to be 
tangential to the sides of these prisms 
where the several rays enter them, then 
a perfect lens would be formed. The 
refractions above assumed, bend the 
rays till they are parallel to the bases 
of the prisms, which could only occur 
when the eye and object are at equal 
distances from the lens, this distance 
being proportionate to the refractive 
power of the glass used If the rays 
were all paraUd on incidence they 
would still be collected in one point, 
but nearer to the lens. 

Prindpal Axes, — 
Axes and Fod ^ ^^^^ ^j^y be re- 

garded as a solid of 
revolution, the axis of which is termed 
the * principal axis.' 

Prindpal Foci of Convex and Concave 
Lenses. — When rays which were origin- 
ally parallel to the ' principal axis ' pass 
through a convex lens (fig. 20), the 
effect of the double refractions they 
undergo, is to make them converge, 
approximately (this term is introduced 
advisedly on account of the effect of 
aberration), to one point F, which is 
called the ' principal focus.' The dis- 
tance F A is called the ' principal focal 
distance,' or ' focal length ' of the lens. 
In this case the focus is real. 

When similar rays pass through a 
concave lens (fig. 21), they diverge 
from the line of the ' principal axis,* 
and if produced backwards, would ap- 
proximately meet in a point which is 
still called the * principal focus,' though 
being imaginary and not real^ it is termed 
^ mriual iocxa. 

Optical Centre of a Lens. — ^This point lies on the * principal axis,' and is so 
fttuated that every ray whose incident direction is parallel to its emeigent direc- 
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tion, must pass through it In the case of a double convex or double concave 
lens the ' optical centre ' is so situated in the interior, that its distances from the 
surfaces are directly proportional to the radii of the same. In a plano-convex or 
plano<oncave lens it is situated on the convex or concave surfaces respectively. 
Ihraliel Rays 




no. JO. 

In elementary optics it is usual to neglect the thickness of the lens, since we 
may lay down the proposition that rays which pass through the centre of a lens 
undergo no deviation. 

Secondary Axes. — ^Any straight line through the centre of a lens oblique to 
the * principal axis,' is termed a ' secondary axis.' Rays parallel to a ' secondary 
axis ' converge to a point, and for small obliquity from the * principal axis,' the 
' focal distances ' are the same. 



Parallel Ra^s 




Confugate Foci. — When a luminous point is placed near a lens, but beyond 
the * principal focus,' incident rajrs proceeding from it, converge to a point (ap- 
proximately) on the other side of the lens. Two points so related are termed 
•conjugate foci.* 



f 9 a 

PIG. 22. — CONVERGING LENSES. 

I. Double convex. 2. Plano-convex. 3. Concavo-convex. 

Lenses. — ^There are two principal classes of lenses, viz. * converging ' and 
• diverging ' {yide figs. 22 and 22a). 
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AbdinttioiL 



Spherical Aberration. — If a lens were ground truly spherkal, 
it would be found that the rajrs from a luminous point on one 
side of it, would not converge accurately to one point after passing through it. 





^ ^ s 

FIO. 320.— DIVX&GING LBNSES. 

4. Double concave. 5. Plano-concave. 6. Convexo-concave. 

the lays traversing the circimiferential portion falling short This defect is 
termed * spherical aberration/ and to correct it, lenses have to be finally * figured' 
by hand. 

ChroMOtie AherraHm. — Since the elementary cays of coloured light which 
make up white light are unequally refracted, they do not conveige to one point 
after passing through a simple lens, but form a spectrum or series of coloured 
images, the violet being the nearest and the red the most remote* This source 
of conftision is termed ' chromatic aberration.' 

In order to correct this dispersion, different kinds of glass, viz. flint and 
crown (which do not possess the same powers of refraction) are combined to 




FtnoU of Bayi. 



FIG. 23. 

form what is termed an * achromatic lens' (w^fe fig. 23). Here the parallel rajrs 
of white light a ^ are converged, and z& d V pass through the principal focus 
F still as rays of white light 

A ' pencil ' means a solid cone of lays whose vertex is 
termed the ' focus.' When a pencil of rays undergoes reflection 
or reftaction, the reflected or refracted rays are still usually spoken of as a 
* pencil,' even if they no longer pass through one point 

For purposes of investigation the object placed before a lens 

loraiAtlfla of jjjyg^ |jg assumed to be composed of a number of luminous 

TitBiSr points, which delineate it, so that the effects of the lens on the 

rays emanating firom these points, may be severally discussed. 

Let A B (fig. 24), be suck an image, placed in front of a lens O at a distance 
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greater than that of the principal focus F from its centre. It will be seen that a 
real image a ^ is formed on the other side of the lens. To determine the position 
of this image graphically, draw through any point A a ray parallel to the ' principal 
axis,' which is incident on the lens at A', and after refraction passes through the 
* principal focus' F. From the same point A draw a secondary axis A O, and 
produce it till it meets the ray A A' F in ' a/ which is thus determined as the 
focus conjugate to A. In like manner the image of any other point B is found 




FIG. 24. 

to be formed at ^h! The line joining a, h, etc., will be the image of A, B, etc. 
If the object be placed within the principal focal distance of the lens, a virtual 
(and not a real) image will be formed (fig. 25). The conjugate axes must be 
produced backwards to a and ^, and an erect though tmreali virtual image (as 
it is termed) is formed. 

Concave lenses invariably form unreal or virtual images. 




FIG. 25. 

A pencil of rays entering the eye bom an external point 

undergoes a series of refractions in passing through the cornea 

(in shape like a convex watch-glass), the aqueous humoiu:, and 

crystalline lens, and finally convexges on the retina, forming a 

real and inverted image there of the object viewed. Either by 

change in focal length, or in the distance of the retina, the eye adapts itself to 

distinct vision for varying distances. In looking at distant objects (if our vision 

be not defective) we experience very little sense of efifort Not so when an object 
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is viewed at distances less tban that which gives the most distinct vision (this 
averages about 8 to lo inches with a healthy eye), for in this case it soon becomes 
impossible to get a clear view, and all becomes blurred and indistinct 

Although the image of an object formed on t&e retina is inverted, the same is 
erected by an effort of the optic nerves, which is difficult to account for. 

The angle which a given distance subtends at the eye is 
^^J^*^^j^^_ called the 'visual angle.' Two discs of different diameters appear 
lug Pover. ^^ ^^ ^^ same size if the angles they subtend are the same. 

By the ' magnifying power ' of an optical instrument is usually 
meant, the ratio in which such distances are apparently increased, and the instru- 
ment is said to magnify so many diameters^ 

A magnifying glass is a convex lens of shorter focal length 

Ma liitfiiwi . ^^^^^ ^^ human eye {pide fig. 26), and it must be placed at a 

distance somewhat less than its focal length from the object to 

be viewed. In the figure a ^ is the object and A B the virtual image seen by the 

eye at K. 




FIG. 26. 
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The optical arrangements of the earliest form of telescope 

(Kepler's) are shown in fig. 27. It consisted of two lenses, one 

(the object-glass) forming a real and inverted image of the object, 

Uie other (the eye-piece) acting as a magnifying glass to view 

the same. 

A' B' is the virtual image of the object as viewed through the eye-lens. The 

rays from A and B are slightly divergent on entering the eye, as they converge on 

the points A' and B', and they are brought to a focus on the retina, thus forming 

distinct images. It must be remembered that it is only parallel and slightly 

divergent rays which can be so focussed by the human eye — a very important 

consideration when arranging a sequence of lenses so as to produce distinct 

visioiL 

The angle under which the distance A B would be viewed 

*^ '^' by the naked eye is obviously aOb^ whilst the angle at which it 

aCS* h 
is seen through the telescope is aO^ h. The magnification is therefore --fr-j% 

O F 

which is approximately the same as the ratio =-r^. If the eye-piece be adjusted so 

as to throw the image A'B' to infinite distance, F wiU be the principal focus of 
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both lenses, and the magnification is the ratio of the focal length of the object- 
^ass to that of the eye-piece. 

The magnification of a telescope can be directly ascertained by observing with 
one e3re (externally to the instrument) the graduations on a staff, whilst with the 
other eye the number of graduations which ap- 
pear to be superimposed or correspond is noted 
through the telescope. 

If the telescope be directed 

to a bright sky, and a piece of 

paper be held behind the eye- 
piece, a circular spot of light (which is the image 
of the aperture which the object-glass fills), will 
become sharply defined, when the paper is held 
in a certain position. This is the best position 
for the eye when observing, since aU the rays 
passing through the object-glass must also pass 
through this spot This spot is usually much 
smaller than the pupil of the eye. 

One method of determining the magnifying 
power of a telescope consists in measuring the 
diameter of this bright spot, and comparing this 
measurement with Ae diameter of the object- 
glass. An instrument termed a dynameter is 
liised for making this measurement 

Since the combination of 

lenses in a telescope as above 

described, produces an inverted 
image, erecting eye-pieces are often used for 
terrestrial telescopes, but as loss of light is 
necessarily involved owing to the greater num- 
ber of lenses employed, these eye-pieces are not 
often used for theodolites, where sharp, distinct 
vision, is of great importance. 

This telescope as invented 

by Galileo, and the earliest of 

aU telescopes,gives erect images 
with only two lenses. A double-concave lens is 
used for the eye-piece, and the rays refracted by 
the object-glass are brought to a virtual focus at 
a point between the two lenses, a magnified and 
erect image being formed 

This telescope has the disadvantage of not 
admitting of the employment of cross-wires, 
for no real image is formed. Opera-glasses and the telescopes of sextants (in 
which the wires only define the central portion of the field of view, and are in 
no way used for purposes of measurement), arc constructed on this principle. 
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I. The Ramsden, oxposUwe eye-pieoe. This conastsof twd 
xyv-puim. planoconvex lenses, the anwex siufaces of which are tuxned to 

each other {pide fig. 38). The rays firom the inverted image ah examined by 
this eye-piece enter the eye slightly convergent towards a principal focos at F, and 
form a distinct, but inverted image of the object, (as viewed at ah on the plane of 
the cross-wires) on the retina at/ 

Each lens is of focal length 3 a, and they are fixed at a distance 2afix>meach 
other. 



IrwertedflmagB 




FIG. 2S. 



a. The Huyghenian, or negative eye-piece. This consists of two plano-convex 
lenses, the convex surfaces of which are turned towards the objective (pide 
fig. 29). 

The laiger lens (next the objective) has a focal length of 3 d(, whilst the smaller 
has one of a, bringing the converging rays from the objective to a focus at F, 
these being fiirther converged by the eye, forming an image on the retina* 



Parallel Ra^s 




F focus of large len^ 

F' focus of converging rqys 



The following is a graphic account of the optics of lenses leading up to the 
construction of a Telescope. 

A properly formed lens, like the objective of a telescope, has 

The Optlei of the property that the rays of light emanating from ^ point in 

LeniM and front of it are re-assembled in a point behind it Suppose that 

TolMoopet. ^g object-glass O (fig. 30) of a telescope be removed and fixed 

in a hole in a window-shutter. Let a screen of cardboard be 

placed vertically on a table inside the darkened room, and let a graduated staff 

be held vertically outside it at any fixed distance from ibe lens. By moviiig 
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tfic scieen to or from the lens, a position will be found at which a complete, and 
distinct inverted picture of the staff and its graduations, will be seen projected 
upon the paper screen inside the room. If a sheet of sensitive paper, like that 
used for copying plans, were used as a screen, a photograph of the staff, and of 
the landscape behind it, might be obtained. The reason of this is^ that the cone 
of rays emanating from the graduation A and falling on the surfoce of the lens, is 
again concentrated to a point, or f&cus, at a on the screen, similarly the other 




na 3a 

graduations B and C are projected at the fod b and c respectively, and so with 
all intermediate graduations. With a well-constructed lens the various graduations 
OB a straight staff will aU be seen simultaneously, distinctly, and sharply, on a 
flat screen at some one distance from the lens. Again, if O be the centre of the 
lens, the lines AO^BO^, CO^ will be straight lines so that 
AB:A^::OA:Oa::OB:0^andsoon. 

A line joining the centres of the two spherical surfaces of a lens, is called the 
' Optical Axis,' {pide fig. 31). 



?i-*** 




-....r 



FIG. 31. 

Suppose now Aat tiie object-glass O were correctly centred in its brass 
socket, or ceil, so that the axis of the cylindrical cell coincides exactly with the 
optical axis of the lens which it contains, then, if the cell were fitted into the 
hole of the shutter, and the screen were at right angles to the 'optical axis' of 
the lens, it could be revolved in the hole in the Gutter, without causing the 
image to move, in the slightest degree. If, however the * optical axis' were, 
inclined to the axis of cell, then when the cell is rotated, the image on the screen 

B 9 
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would move also. The adjustment of the ' optical axis ' to the centre line of the 
cell is the duty of the instrument maker, and cannot well be altered. 

Now suppose that in fig. 30 the * optical axis' of the lens is horizontal, 
the plane of the table abo horizontal, the plane of the screen vertical, and the stafif 
also vertical. 

Having obtained a correct focus (that is to say, a clear and sharp image), let 
the position of the screen be marked on the table, and let the staff be approached 
to, or removed from the lens. It will now be found that to obtain a sharp image 
the screen must be moved also. The shorter the distance from lens to staff, 
the longer the distance itook the lens to the screen. Now make the necessary 
adjustments of the screen for the staff held at 10, 20, 30, 40, 100, 200, etc., feet 
from the lens, and after obtaining correct focus for each position of the staff, 
mark that of the screen on the table. It will be found that the differences of the 
distances of the screen from the lens, are by no means the same for equal differ- 
ences in the distances of the staff. The difference of the screen position for 
staff-distance of 10 to 20 feet will be large. From 20 to 30 feet less, and 
so on. Finally at a staff-distance of from 200 to 400 feet or more, according 
to the form of the lens, the difference for an additional length of 10 feet will 
become n^ligible, and the landscape beyond the staff will be equally well 
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defined on the screen, with the image of the staff itself. No further inward 
movement will produce any perceptible improvement in the sharpness of the 
picture. Even the image of the sun, or of a star, will be to all intents and pur- 
poses as sharp as that of the staff itself. When the screen is in this position, it 
is said to be at 'solar focus,' and the distance from it to the * optical centre' 
of the lens, is its ^ solar focal length^ 'Solar focal length' is attained when the 
extreme rays of a ' pencil ' or cone of rays proceeding from a distant point are 
practically parallel 

Let S (fig. 32) be the distant object, f its image, L M the diameter of the 
lens, and O its centre, then 1 O is the ' solar focal length ' and 1 the ' solar focus,' 
since the extreme rays S„ L and S,„ M, of the cylinder of rays, (the object S being 
so distant that the rays from it are parallel for all practical purposes) impinging 
on the lens assemble at this point The distance of the light-emitting point, at 
or beyond which the sides of the cone or pencil of rays from it, and falling upon 
the surface of the lens, may be regarded as parallel, depends upon the form, or 
curvature of the lens, its transverse diameter, and upon the perfection of its figure. 
The better the lens the more nearly are any one pencil of rays brought together 
at one point, and therefore the better the lens, the more sharply does it come in 
and out of the focus. That is to say, with a good lens a very slight movement 
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of the screen from the true focusy in either direction, will cause the image on it 
to become blurred With a lens badly corrected for spherical aberration the 
image is at best less sharp, and the screen may be moved each way for a per- 
ceptible distance without making it much worse. 




Let ABC (fig. 33) be three marks oq a staff. Their images will be formed 
9Xab and c. For a second position of the staff, the images will be formed at 
tf, b, and c^ 

Let L B the distance from the lens to the staff = 0, the outer focal distance. 
Let \jb the distance from die lens to the screen or image s /, die inner focal 
distance. Let/ s the solar focal length of the lens. 
Then generally 

(I) 



I I , « 
■J «■-+ - 



"^xl°o""^'**°°- 



(•) 



These two equations give complete information as to the geometry of tiie lens. 

Knowing the value of/ we can calculate the inner focal distance 1, for 
different outer distances ; 

for from (i) I » -=^— >. 

Suppose now that we have a lens so formed that /s z then for different 
values oio we can calculate the corresponding values of 1 and form the following 
' Table of differences ' (see next page) between the successive positions of the 
sharp images on the screen. 

From this table it appears that with a solar focal length of i foot, the screen 
must be moved nearly half an inch, to focus a staff at 10 and 20 feet respec- 
tively, whilst from 400 to 500 the movement of the screen is but *oo6 of an 
inch. Hence, at about 500 feet the lens is practically at solar focus, its distance 
from the screen being i 'ooa foot, or only '024 of an inch long^ than solar focal 
length, a quantity within the limit of error of a lens. 

Let a screen of tracing paper, or of ground glass, be now substituted for that of 
the cardboard. When correctly focussed, the image will be seen on the back of 
the screen, as a distinct picture, the detail of which can be examined by a strong 
magnifying glass. Take the eye-piece of a telescope, and fit it on a support K 
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Table or Inmsr. vor Couubpondino Otttbr Focal DutahcbSi 
Solar Focal Lkngth s i. 



Ooler Focal 
Distanoes = «. 



lO 
30 
30 
40 
50 
100 

doo 

300 

400 

500 

1000 



Inner Focal 
Distances ss i 



I'lIII 
1-0536 

i'034S 
I 0259 
1*0204 

1 *OIOI 

1*0050 

I 0033 

1*0035 

I '0020 
1*0001 



0*0585 
0-OI8I 
o'oo86 
0*0055 
0*0103 
0*0051 
0*0017 
o'oooS 
0*0005 

0*0019 



(fig. 34), focus it 80 that the details of the staff are clearly seen on the screen. 
Now withdraw the screen, leaving the eye-piece in portion, when the magnified 
image of the staff will be seen more clearly than before. The image is formed 
in space, and is invisible to the eye when the same is on one side of the principal 
axis of the object lens. If the eye were placed in the position of the screen and 
directed towards the lens an inverted image of the staff could be seen. Indeed 



\ 




no. 34. 

the image of the staff would be seen with the eye in any position beyond the 
focus of the lens, provided that it were placed in the optical axis of the object 
glass and directed to it The distance betweed the eye-piece and the screen will 
depend upon the eye-sight of the observer. For a short-sighted person, the 
distance will be less, for a long-sighted person greater, than for one of normal 
powers of vision. 
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The distance between the object and the screen, or unage, is constant with all 
sights, for any one distance, as it depends solely on the optical proportion of the 
lens. FcNT the screen, now substitute a frame carrying a network of fine threads, 
or a i^te of thin glass widi lines ruled on it If the network or plate be placed 
exactly in the conunon focus of the two lenses, the threads or lines will be seen 
magnified, and ai^iarently coinciding with the magnified image of the staff. If 
this adjustment be properly made, it will be found that if the eye of the observer 
be moved up or down, right or left, the divisions of the staff will nevertheless 
Appear fixed, with regard to the lines on the plate, or the wires. If the frame 
carrying the wires be moved slightly from its proper position in the common focus 
of the object-glass and eye-piece but not so much so as to prevent the wires from 
being seen, then on moving the eye the wires will apparently move with regard 
to tbe image. The immovability of the wires is therefore a test of the correct 
l)oation of the firame or plate in the common focus of the two lenses. 

The object-glass and eye-piece above described, when mounted in a tube, 
form a telescope. By adding in their common focus a ^diaphragm^ that is, a 
small ring carrying fine cross wires, or a plate of glass, with lines engraved 
thereon, this telescope, when properly adjusted, affords the means of determining 
a line of sight from the eye to a distant point of observation, with &r greater 
precision tium any system of open si^ts such as those of a compass or of a 
rifle. The object observed is magnified, and therefore made more distinctly 
visible. The cross wires are also magnified, and may therefore be made of 
extreme fineness. 

The telescope therefore, in its simplest form, consists of an objective O 
(fig* 3S) ^^d *n eye-piece E. The objective is mounted in a cell or ring 
which screws into a slide tube S, which in its turn fits the main tube T accu- 
rately, so that the object-glass may be drawn out or in, with its ' optical axis ' 
always coinciding with, or parallel to, the axis of the main tube. The draw-tube, 
wi^ the objective attached to it, is moved by means of a rack and pinion with a 
milled head. At the other end of the tube the diaphragm D is fixed, con- 
sisting of a brass ring, across the centre of which wires or spider's threads are 

-s — - 



stretched, or the cross threads may be replaced with advantage by lines en 
graved on a glass plate. Beyond the diaphragm a smaller tube receives the 
eye-piece. The intersection of the cross-wires should be in the ' optical axis ' 
of the objective, and when the lenses are adjusted for varjdng focuses it 
^ould move in that same line. The cross-wires are brought into the ' optical 
axis,' by means of two or four antagonising screws. The manner of making the 
adjustments of a telescope with wires is fiilly described in the chapter on 
*• Instnmients.' 
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In many instruments the object-glass is screwed into the main tabe of the 
telescope, and the draw-tube is provided at the eye end, carrying both the dia- 
phragm and the eye-piece {^nde fig. 36). This produces no difference in the 
manner of adjustment In any case it is all important that the draw-tube shall 
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FIG. 36. 

be accurately fitted so as to move out and m, strictly parallel to the * optical axis ' 
of the instrument As this adjustment is made by the maker, it cannot be 
altered by the Surveyor if found defective. Any looseness or shake in the 
draw-tube is fatal to accuracy of observation. When selecting a new instru- 
ment, this point should, therefore, be carefiilly 
looked to. 

The telescope, fitted with a 

special diaphragm and termed 

a subtense telescope, may be 

used for measuring distances, 

with the aid of a graduated 

staff. 
In the diaphragm (fig. 37), two horizontal 
or vertical wires are added, being fixed (or 
engraved on glass) at certain distances above 
or below, or to the right and left, of the ordinary 
cross wires. 

Let O (fig. 38) be the object-glass, D the diaphragm, S a graduated staff 
held at right angles to the optical axis of the telescope. Let c be the centre 
wire, and a and h two other wires at some fixed distance from it Let o and i 
be the relative distances of the inner and outer fod of the telescope when 
properly adjusted. 

O 




FIG. 37. 




FIG. 38. 



Then, when the telescope is properly focussed, an image of the staff will be 
formed on the plane of the wires. Tlie wire a will intersect some division, 
such as J, whilst the wiie h will intersect some other graduation j|. Let Sx^ s 
= Sj the distance subtended on the staff. 
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Then m have ^ two eqnadons 



U4 + i 

i 



(I) 



Where A is the distance between the wires a and b, a constant—/ is also a 
constant, namely, the solar focal length of the object-glass. 
Hence 






(3) 



The wires a and 3 are in some cases made to be adjustable as to their 
distance from the central wires, by means of screws. In other cases they are 
engraved on glass by the instrument maker at the proper distance. It is con- 
venient to make 4 some round number, such as loo or aoo. 

Let the wires be so adjusted that*^ s loo. Then o as xoo S +/ 

If the staff were graduated into feet and hundredths, as usual, then the 
distance from the * object-glass ' to the staff, would be the length subtended 
by the wires on the staff multiplied by xoo, plus/; but the distance of the staff 
from the centre of the instrument is usually required, hence a further addition 
of the dbtance from the object-glass to the centre of the instrument should be 
added. 

Let ^be this distance, then 

D = ^+^+/ 

-:CS + K. 

Where C sa xoo usually, and K is a constant, which should be given by the 
instrument maker. If it be not, then it can be obtained with sufficient accuracy 
by actual measurement of ^ and/ as follows. Set the telescope to solar focus, 
and then measure/ from the diaphragm screws to tiie middle of the object^lass, 
and also measure the distance from the latter to the axis of the telescope* 




na 39. 



A direct geometrical proof of this may also be given as follows. 
Let a and b (fig. 39) be the horizontal wires as before, and suppose that when 
the instrument is focussed on a staff A B, the image of A coincides with the wwei 
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Lyepiece> 



Jkaphta^rm 



a, and that of B with the wire & Then all the rays from B will converge to *; 
but considering the particular one fi b^ which, after emergmg from the object- 
glass is parallel to the optical axis, it is clear 
that in its path it must have passed through 
Fjy the principal focus of the object-glass, 
exterior to the telescope. 

Now, since when the eye-piece and dia- 
I^iragm are moved for focussing the staff at 
different distances, the point b simply travels 
along the line bp^ these rays will always cut 
the optical axis produced at the same point 
Fi, and at the same angle. Hence, the dis- 
tance F| C of the staff from F^, b propor- 
tional to the length BA intercepted. But 
we cannot place the vertical axis of the 
instrument at F|, because this point is outside 
the telescope. Hence, we must place it, say, 
at D, and add the constant O F| + O D at 
each reading. This is the same result as 
already obtained, since O F^ »/ 

To test the accuracy of 
the subtense wires, if per- 
manently adjusted by the 
maker, or to adjust them if 
movable : — 
Chain out accurately some distance such 
as loo -h K feet from the centre of the in- 
strument Then, if —- &b C s loo, the wires 

should subtend exactly one foot on the staff. 
If the distance were aoo -|- K, then they 
should subtend two feet, and so on. 

If the wires are movable, then they may 
be adjusted to give the proper distance 
subtense on the staff 

In order to avoid the 

TlM Aaaalatto addition of the constant K 

Lmis 

dliflUMtfl. ^^ ®^^ reading, a third 

lens, called an 'annalatic 
lens,' was introduced by Porro, of Milan. 

Fig. 40 shows the arrangement, and the 
course of rays from a staff A B. O represents 
the centre of the object-glass, and F is its 
principal or solar focus. K is the centre of 
the annalatic lens^ and F| F, are its principal 
foci* 



TotMttlM 

aoourMj of 
fabttuo 
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Now let O F 8s/ the solar focal distance of objective. 

KFi = KF, =/i „ „ of'annalaticlens.* 

K O sa ^ = distance between optical centres. 

Let the instrument be focussed on a staff at A B, so tbat the horizontal 
hairs acb coincide with the images of the points A C B on tiie sta£^ and 
suppose that a^ c^ h^ represent the images of these same three pobts which 
would be formed by the objective alone, without the interposition of the ' annaktic 
lens.' 

Let O ^1 s fc^ ap distance of inner focus for object-glass only. 
OC » ^ SB „ outer „ „ 

K ^ sr I as ,, image from * annalatic lens.' 
A B cs S SB length of object, or staff subtended 
0i ^1 b: Ii s „ image due to objective only. 

dr^ SB I ss „ y, actually formed » a constant 

Then, by the formula for lenses, we have for the object-glass 

; + ^=7 • • • • (0 



S ^£ 



(») 



Now, without the 'annalatic lens,' the rays of light from C would converge to 
the point Cy. In consequence of the action of this lens, however, they will 
conveige to a point ^ such that c^ would be the virtual focus of the * annalatic 
lens' conjugate to c. 

Hence, since K ^^ s w — ii^ we have 

X , I I. . . 

__+_„-, .... (3) 
and for the magnitude of the image, 

\-'-^. .... (4) 

We proceed from these four equations to eliminate the quantities cer, I|, and ^ 
and so to obtain an equation connecting together the quantities o and S. Now, 
from (a) and (4), by multiplication, 

I «Br . I • • • • ^ 



(5) 



and from (3) 

whence, by multiplication, 



t /i + w - rf . 



s tf (/i + » - <0 



(«) 
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But from (i) 

so that, by substitution in (6) and simplifying, 

and 






AH the quantities in this equation except S and o are constant We see, 
therefore, that, if to the distance o of the staff from the object-glass we add the 
constant quantity -^^ T *^\ in each case, the result will be a constant multiple 

of the distance S subtended on the staff, and by suitably arranging the distance 

I between the hairs we can make the multiplier - i ^ {^\ ^r a convenient 

round niunber, such as loo or 200. Further, by arrangement of the quantities 

A dand/u the constant ;^; 7 K can clearly be made less than the length of 

the telescope, and if we place the vertical axis of the instrument at that distance 
from the object-glass, then the distances of the staff from that point will be in 
direct proportion to the lengths subtended on the staff, which is what was 
required 

A geometrical proof may also be given as follows : — 

Of all the rays which converge at a to form the image of A, consider that 
which after emerging from the * annalatic lens,' is parallel to the optical axis, say 
a cP, This ray, being parallel to the optical axis of the instrument, will pass 
through the principal focus Fi of the '.annalatic lens,' and will cut the optical axis 
at that point at a constant angle, since ^ is a constant point Hence, on the other 
side of the objective they must have always travelled along one line, such that, if 
produced, it would intersect the optical axis at a constant angle at the point D, 
which is the virtual focus of the object-glass conjugate to Fi. Hence by similar 
triangles the distances of the staff from D will be in a constant ratio to the 
lengths intercepted, which is the same result as aheady arrived at The con- 
sideration of the one particular ray which is parallel to the axis at a a" very much 
simplifies the geometiy of the problem, but, as a matter of fact, we may treat the 
whole pencil by the formulae for lenses as already shown. It iis easy to show 

that tiie distance O D is given by the formula /; 7 j already found 

The 'annalatic lens' can be moved by a key to adjust the instrument if 
necessary. 

A fixed length on the staff and movable wires are some- 

Zft«iM« ^cacit% used This arrangement is known as the micrometer 

4Merib«d. eye-piece. The staff may be provided with twro vanes A B 

(fig. 41), fixed at some known distance from each other, such 
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as ten or twenty feet It is also convenient to add a third vane C, exactly inter* 
mediate between the two. 

The centre wire of the diaphragm (fig. 43) is fixed in the optical axis 
of the instrument. The other two wires d and e can be approached to, or 
withdrawn from, the centre wire of the micrometer by means of two very 
fine screws ss. These screws are provided with a drum-head H H, graduated 
into 60 or lop parts on the rimi a vernier being also added. The distance 









no. 41* 




no. 43. 



between the centre wire and either of tibie movable wires may be measured by 
tiie number of turns, and parts of a turn, which the screw has made in moving 
the wire from the centre to any given position, provided that the value of one 
turn is known. The whole turns made are counted by means of the comb cc, 
which b seen in the field of the eye-piece. 

The sum of the turns and partof a turn made by the two screws measures the 
distance A between the two movable wires. 

Then, in the general equation, 

S,/, and d are constant, and A alone a variable. 

Let / be the value of one turn of the screw in feet or inches ; let n equal the 
sum of the turns and firactions of a turn made by the two screws when the move- 
able wires subtend the constant distance S on the staff. 

Now, an inspection of the formula shows that, to obtain accurate results, it is 

necessary to know the value of the fraction ^ with great accuracy, though the 
actual value of both factors in any.given unit is unimportant 
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K also need not be ascertained with any high d^;ree of accuracy. 
We may now write » / for A. Then 

The value^ can be ascertained by experiment in the field. Let thb fraction 

equal C Then 

D.^ + K. 

»(D-Ki 
s 

To ascertain the ralue of C, chain out with accuracy on level ground some 
distance L. Adjust tiie wires to subtend the distance S on the stafi) and read the 
two micrometers. Summing these readings. 

Suppose that S» the distance between the centres of the two vanes, were lofeet, 
K sQ I '5 feet, and that tiie staff were held at the distance of 500 feet fix>m the 
instiument, the sum of the readings of the two screws being 19*706 turns. 



Then 



*y 


^ww 


10 


19 


•706 X 


498'S 




10 




96< 


3. 




D 


_96o£ 
n 


? + K 




9600 


+ i-c. 



This would correspond with a micrometer screw having 80 threads to an 

inch, and a telescope with a focal length of one foot Such exact numbers will 

not usually occur in practice. It would also be well to anange matters so that 

C S 
C S = 10,000. The distance — could then be taken by inspection from a table 

fi 

of reciprocals merely by moving the decimal place. This can be done by makii^ 

S, instead of 10 feet, some other length, so that 

C S' = 10,000. 
Thus in above case 

^ 10,000 - ^ 

Then, if the vanes of the staff be set 10*47 f<^ apart, distances would be 
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obtained simply by taking the reciprocal of n and moving the decimal point five 

figures to the right, adding K to the result 

The two micrometer screws should be so adjusted that when 

late amr ^^ ^^ movable wires are in coincidence with the fixed central 
of B m iy i IB 

wire, both micrometers read zero. Unfortunately there are 
mechanical difficulties in arranging matters so that the move- 
able wires can be brought into actual contact with the central 
wire. Some means must be devised of testing for index error. 

In the first place, it is evident that an equal number of turns of each micro- 
meter should subtend an equal number of graduations firom the centre wire, on a 
graduated staff. Or, in other words, if a third vane were fixed equally midway 
between the two as shown in the sketch (fig. 4a), then, if the fixed middle 
wire is made to bisect the central mark, equal numbers of turns should be re- 
quired to bisect the upper and lower marks with tiie movable wires. 

But correctness, in this respect, does not prove the absence of index error, but 
merely that the errors of the two screws are equal To determine the index error, 
chain out two distances a and b. 

Let tf -f K and ^ -f K (fig. 43) be the two distances to tiie staff. Having 
levelled the instrument, place a staff at A. Turn one of the micrometer screws 



"G. 43. 

until some fixed distance, say five feet, is intercepted on the staff betwera the 
middle and one movable wire. Call the number of turns made a. Now move 
the staff to station B, and move the micrometer wire until the exact same 
number of feet is again similarly intercepted Call the number of turns ^ 

o 

Then, if there were no index error, - = ?. The number of turns would be 

a o 

inversely as the distances. If there be an index error it will be constant Let x 

be the error. 

Then 

jg + jp _ a + ^ 

or 

*)S H-^jc = tf a + ax 

hence 

ax ^ bx^hfi^ aa 
and 
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It b convenient to make distance a = a ^. Then 

Example. — ^Two distances, K + 250 and K + 500, are chained out firom the 
centre of the instrument 

The reading (a) at the distant station is 9*477. 
That (/9) at the near station is 19*077. 

««s I9'077 — a X 9'477 
sr 4. o* 133, to he added. 

Again : suppose that the other wire gave 

a = 9*627 

fi OS i9'a37 

X s= i9*a27 — a X 9*617 

a i9'aa7 — 19*254 

M — 0*027, to be deducted. 

Magnetism. 



Hm IbgMtU 



The magnetic needle forms part of a great many surveying 
instruments such as the Theodolite, the Level, the Prismatic 
Compass, &c., and is made in the form best adapted to the use 
of the instrument in which it is placed. 

Magnetbm is a fnokcular force which resides in eveiy part of a magnet, and is 
induced into the fine cast steel, of which magnets are usually formed, (best with 
3 per cent of tungsten) by means of a permanent or electro-magnet 

Natural magnets, or iode-^tones^ are exceedingly rare, and 
ArtUtoiftl therefore artificially magnetised pieces of steel are in general 

Xagneti. ^^^ '^ ^^^ stead. 

The usual process of magnetising a bar consists in rubbing 

Xethodi of it with an akeady magnetised bar. Different processes, called 

XagiwtiMtion. single or double touch, &a, have been devised, but since much 

greater power can be obtained by means of electro-magnetism 

this method is now almost exclusively employed by the best makers. 

^^^^ Magnetic needles, when forming parts of surveying instru- 

Veodlei flnm- ments, are generally made in the form of flat bars with a cup 

ing part of (or cap as it is termed) at the centre, which is balanced on a 

gnrr^jing standing point The longest section is sometimes placed hori- 

^"*''""'"^**' zontally and at others vertically, in the former case it is termed 

a * broad needle * and in the latter an * edge-bar needle.' The * edge-bar needle ' 

is generally used when it is required to read into a fixed scale of divisions, and 

then the extremities are brought to a fine knife-edge. 

The centre or cap^ usually consists of a hard precious stone, such as an agate, 
ruby, or sapphire, &c., and this is mounted in a light brass or aluminium cell. 
The whole is balanced on a hardened steel needle-point 

The needle of a surveying instrument should never be supported upon its 
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centre except for the time it is in use for taking observations, and a means of 
lifting it off the pivot b always provided 

When a magnetic needle is swinging freely, it will seldom 

The Dedbift- p^j^^ jj^ ^^ direction of true north and south, the deviation 

H^^^U^ varying at different points of the earth's surface. This deviation 

is termed ' the declination of the needle,' and varies at the same 

place from ]rear to year, at different times of the year, and to a lesser extent even 

diumally. It is therefore very necessary to ascertain the local * declination ' of a 

needle before making use of it for survey purposes. ( Vide Changes in ' Magnetic 

Variation,' p. 158.) 

The dip of the needle, is the vertical angular difference 

iM ^r^T between the position it would assume ddfore, and qftgr magnetisa- 

Vftdls, ^^^' respectively. This inclination or dip varies in different 

parts of the globe, and at different times. It vanishes at the 

equator, and increases until it becomes 90^ (the needle being vertical) over either 

of the magnetic poles. 

For surveying purposes the needle is balanced so as to maintain a longitudinal 
position, a sliding weight or ridgr being sometimes provided for purposes of 
adjustment Adjustment can also be made with sealing-wax if required* 

Level, or Bubble Tubes, 

The level, or iu^dlg tube is one of the means of applying tiie 
JjT* •J-^ force of gravity, so as to ascertain by observation, level lines on 
the earth's surface, or vertical angular measurements. They 
are attached to nearly all important surveying instruments. 

The glass tubes from which they are made are drawn of as nearly straight and 
equal bore as possible, but as they become slightiy curved and tapering after, 
annealing, portions are cut off having r^;ular longitudinal curvature, and these 
are finally ground, sealed and divided. During the process of internal grinding 
the curvature is tested from time to time on a bubble tester. This consists of a 
bar, some 20 inches long, which rests on two feet at one end, and a micrometer 
screw with a disc graduated to seconds of arc, whose point forms the support at 
the other end* The whole stands on a cast-iron plate. The tube is placed on 
two Vs which can be adjusted for distance to suit the length of the tube. 

The ultimate radius of curvature to which the interior of the tube is worked, 
depends upon the delicacy of the work for which it is intended, and varies from 
30 feet to even 1000 feet or more. I^vel tubes are usually filled with pure 
alcohol, though for very delicate work sulphuric ether, or chloroform, is used. 

Instruments for use abroad should be provided with spare tubes, as a blow or 
even the heat of the sun's rays may sometimes fracture them, 

A good bubble should possess the following qualities . — 

z. It must be long enough for a given diameter, to admit of quick displace- 
ment of the air bubble, and yet not so long as to adnut of excessive elongation 
of the same in low temperatures. 

t. The curve must be such that the sensibility and uniform rii0 of the bubble 

r 
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will indicate quantities sufficiently minute, and coiresponding exactly, with the 
inclinations read on the graduated limb of the instrument to which it is attached. 
3. The opposite ends of the bubble must elongate or contract equally so that 
the central position remains stationary in all changes of temperature. 

Atmospheric Pressure and the Barometer. 

It never occurred to any of the philosophers who preceded 

Mmoaplierifl Galileo to attribute any influence in natural phenomena to the 

fhd Barometer.- ^^^ght of air. In 1650, Otto Guencke, the inventor of the air 

pump, made decisive experiments by weighing air, and other 

gases, in a globe of glass. He proved that under the pressure of 760 miUimetres 

(one atmosphere) dry air weighs z * 295 grammes per litre. Speaking generally, 

a cubic foot of air under ordinary circumstances weighs about an ounce and a 

quarter. The earth is encircled by a layer of atmosphere from 50 to 100 miles 

in thickness, and this heavy fluid mass exerts on the surface of all bodies 

a pressiure entirely analogous to that sustained by a body wholly immersed in a 

liquid. 

This pressure is constant in value for the same horizontal layer when the 
air is in a state of equilibrium, but diminishes as we ascend to higher levels. 
When inequality in pressure occurs at a given level, wind must ensue. TonriceUi 
proved, by means of a glass tube about 36 inches long, filled with mercury and 
inverted in a cup containing mercury, that the atmospheric pressure could 
support a column of about 30 inches, or if water was substituted for mercury a 
column of 34 feet would be supported, and this is the maximum height to which 
water can be raised by an ordinary air pump. 

The ordinary mercurial barometer is constructed on the principles above 
indicated, and by its means the atmospheric pressure can be ascertained at any 
time or place. 

As the pressure of the air diminishes as we ascend, and the hei^t of the 
barometric column becomes less, it is natural to seek in this phenomenon a 
means of measuring heights. The problem is not so simple though as it would 
be were the air of uniform density. 

Since the boiling point of water varies with the atmospherical pressure, heights 
can be deduced by this means, this method being called Hypsometry, {Vide 
Part II.) 
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CHAPTER HL 
DESCRIPTION AND ADJUSTMENT OF INSTRUMENTS. 



I. The Optical Sqvari. 

This is a reflecting instrument (fig. 44), depending for its 

Tfci OptiMl action on the well-known law that a ray of light striking a 

plane mirror, is reflected again from the surface at an angle 

equal to that of incidence. It will be seen with the aid of a diagram that if 

two mirrors inclined to one another be employ ed, 

^the angle between the first incident ray and the 

same twice reflected, will always be double the 

angle included between the &u:es of the mirrors 

themsdves. 

The construction of the (^tical square is as 

follows. In a cylindrical metal box from ij^ to 

3J^ inches in diameter, and } of an inch deep, 

having two square or oblong apertures, B and D - 

(cut on the side of its circumference at right 

angles to each other), and also a small circular 

eye-hole A (bored diametrically opposite to the 

aperture at B), are placed two mirrors £ and F, 

inclined to one anoUier at an angle of 45^ The upper half of the mirror £ is 

silvered, while the lower half is of plain glass. This mirror is placed opposite to 

the eye-hole A and in a line with the aperture B, about midway between the latter 

and the centre of the instrument, and is inclined to the axis of the instrument 

drawn through the eye-hole and the centre, at an angle of lao^ The second 

mirror F is silvered all over, it is situated diametrically opposite to the aperture 

at D, and at the same distance on the other side of the centre as in the mirror £, 

and it is inclined to the axis A B at an angle of 165^ 

To adjust the instrument, set out four poles A A' B B' in 

rtr^ttfortLa ^'"® ^^^' ^^^' Standing at C, and facing towards A in such 

^mg^j^^ manner that th^ two poles A A' are seen as one, set out a pole 

D, and nearer to the instrument a second pole D', so that D' D 

appears in line with A' A, then turning round to face DD', again observe the poles 

at D'D. If they coincide with the poles at B B' the instrument is in adjustment ; 

if they do not, put up another pole D" alongside D' to determine whether the 

angle obtained is too smaU ox too Uige. '■ Correct the jnirrors accordingly, by, 

r a 
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slackening the screws which attach the minor F to the bottom of the case, and 
moving it in the direction required, again tightening up. 

The reason for using two poles in each direction, is that the instrument being 
carried in the hand, there is no other means of ensuring that it is held by the 
observer truly in alignment It is, however, usual to set up a pole at C, as a 
rough guide as to position. 



B* 




A' 



no. 4S. 

Sometimes diis instrument is provided with a light tripod stand, so that the 
vertical axis can be fixed over any given point with considerable accuracy, by 
means of a plumb-line attached to the under side of the tripod head. For 
practical purposes, this refinement is seldom necessary, and its use does away with 
the great advantage of the optical square, namely, its portability. 

The instrument can also be obtained with two additional mirrors, arranged 
so as to reflect both from the right and from the left, the direct vision of the 
object in front being obtamed through a small space left between the two horizon 



t. The Line Ranger. 

This is also a reflecting instrument (fig. 46). The ray of 
light passes perpendicularly throi^h one side of a right-angled 
prism of glass, to its hypothenuse, being reflected therefrom 
perpendicularly to the other side. The instrument is composed of two such 



ThtXiM 
Baagtr. 




riG. 46. 

prisms, one placed vertically above the other in the portions shown, two of the 
shorter sides of each right-angled triangle beipg placed over one another an4 
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opposite the eye df the observer, while the other two similar sides are parallel 
to one another, and the hypotheniisal sides are perpendicular to each other. 

To adjust the instrument. Fix a pcde C in line between two poles A and B 
(fig. 45), A being to the left of the observer, and B to the right, then tarn to the 
other side of the pole C, having the pole B on the left, and A on the right, if 
the images of the two poles are still coincident, the instrument is in adjustment 

If the images do not exactly coincide, they can be made to do so by slightly 
altering the position of the upper prism as rqpurds the lower, by means of screws 
which are prorided at die bade of this prism. 

A similar adjustment screw is fiimiadied for ensuring that the vertical &ces of 
both prisms are paralleL 

The instrument when closed forms a cylinder, about an inch in diameter, and 
an inch and a half in length. 

3. The Box SxxtAnt. 

This instrument is somewhat similar in construction to the 
optical square, but whereas in the latter instrument both minors 
are fixed, and only angles of 90° can be measured, in the 
sextant, one mirror only is fixed, and the angle made between it and the second 




FIG. 47. 

mirror can be altered so that any angle from o^ to iio^ or thereabouts, can be 
measured by the observer. Fig. 47 is a plan of the top, and fig. 48 a sectional 
plan. 

The instrument consists of a cylindrical metal box about 3 inches in diameter 
and } of an inch thick, covered when not in use by a cylindrical metal case 
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which screws on to the lower edge of the instrument, but which, when the instru- 
ment is in use, is reversed and screwed on at the back, serving as a handle. 

The top of the box, when in use, is formed of a brass plate about | of an inch 
thick, to which the various mirrors, &c., to be described are attached. 

In the side, at A, there is an eje-hole pierced in a slide, and in some instru- 
ments a small telescope is provided Opposite to this eye^iole, and on the 
other side of the box, about \ of the circumference is cut away. 

Between the eye-hole A and this opening, the mirror B is fixed, and is called 
the ' Horizon Glass.' The lower half of this glass is plain, whilst the upper half 
its silvered similariy to the corresponding mirror in the optical square. 



A 




In the sextant, the second mirror, or ' Index Glass ' C, is so arranged that 
it can be caused to revolve on its axis by means of a rack to which it is attached, 
and a toothed wheel which engages in the same. The toothed wheel is con- 
nected to the milled head/which appears outside the case. 

By revolving the ' index glass ' C, and consequently altering the angle of 
' incidence' and 'reflection,' it is obvious that angles of varying magnitude may 
be recorded by means of the ' index ' arm d attached to the axis of the mirror. 
These angles are read on the graduated arc marked on the outside of the case, 
and the arm is provided with a vernier reading minutes on the half degree sub- 
divisions of the main arc 

An arrangement is provided by which dark glasses may be interposed between 
the eye and the mirrors to enable the sun to bje observed with safety. 
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Angles greater than about iio^ cannot be observed with the box-sextant, as 
the angle of incidence becomes so greats that the rays, instead of being reflected 
are refracted^ and lost in the thickness of the glass. 

It is clear that if the instrument is in correct adjustment, and any vertical 
object be sighted when the index is set to zero, the reflected and direct images 
will be in the same line. Should they not coincide, but at the same time be 
parallel to one another, then there exists a certain amount of 'index error,' 
which can be corrected by causing the horizon glass B to revolve on its axis, by 
means of the screw shown at G, which works in the projecting arm attached to 
the base of the glass. 

Should the reflected image of a vertical object not appear vertical in the 
mirror, the defect is due to the iaxX that the horizon glass is not at right angles to 
the base plate, and may be remedied by tilting the glass in the direction required 
by means of the two screws H H provided for the purpose. These screws, as 
well as that at G, are fitted ^ith square heads, and can be turned with a key g 
which will be found screwed into the case. 



The Msmatb 



4. The Prismatic Compass. 

The prismatic compass, as most commonly used, consists of 
a round bronzed box about | of an inch deep and 3^ inches in 
diameter (figs. 49 and 50), with a pivot in the centre, on which 
revolves the* compass needle B. This needle has attached to its upper side a 
graduated card or dial C, divided to half degrees, the 180° mark being placed at 
the north end of the needle, in order to allow of the bearing being correctly read 




fr--~^B 



i^io. 49. 



at the opposite side of the dial The case is preferably covered almost entirely 
on the top, with the exception of a small segmental portion underneath the prism 
hereafter mentioned. A spring D is provided, which can be pressed agamst the 
edge of the dial, by one finger of the hand holding the compass, in order to assist 
in bringing it to rest . 

Another lever arrangement £ causes the dial to be raised off the pivot, when 
the sight-vane is closed down upon a small projecting piece of metal, near the hinge. 
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The stght'Vane P b a long slip of illetal with the eeiltrsll pordon i'ettioved 90 
as to form an oblong frame down the Centre of which is stretched a wire or half) 
or sometimes, a thin strip of the same metal as the frame« When not in use, the 
sight-vane is folded down on to the top of the ease this action causing the leVer 
£ to raise the didl otf the centre piVot, and so prerent unnecessazy Weaf • 

The reading prism 6 is made convex on two sides at right angles to each 
other, while the hypothenilse is silvered, so that the divisions oh the hodsontal 
dial appe^ to pass vertically in front of the observer, and at the same time to be 
slightly magnified The prism is enclosed for pilotection in a case, so arranged 
that it may be hinged bade, and secured when not in use. 

The case is fitted to a dovetailed slide, working to a limited extent in guides 
on the compass box, to allow of the figures on the dial being brought into exact 
focus by different observers* 

Half PipAN or To^ 




Half Section on A B 

no. 56. 

The hole itl the prism ease to which the eye \A applied, is prolonged upwards 
by a narrow slit, and the whole is fixed opposite to the hair in the sight-vane. 

It may here be mentioned that rings of aluminium, although more accurately 
divided, and liot liable to distortion fi:om atmospheric changes, are often very 
difficult to read correctly, on account of the bright reflection of the sun in certain 
positions. 

The instrument being held horizontally, the length of the sight-vane enables 
the bearing of an object to be obtained^ although it may be considerably above 
the horison. The observation of points below the horison is facilitated by a 
mirror, arranged to slide on the sight^vane. 

Coloured glasses are sometimes arranged On a stud at the side of the prism, 
in such a way that they can be interposed between the eye and the sun when 
observing the sun's asimuthal bearingsi 
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5. The Level. 

The ordinary sunreyor's levd consists of a telescope, pro- 
vided with a diaphragm, and cross hairs or lines, one being 
horizontal and capable of adjustment, vertically, so as to make the line of collima* 
tion at right angles to the vertical axis. A spirit level is attached to the telescope, 
(or to the 'carrier bar,' as in a late pattern) and the whole is momited on a tripod 
stand similar to that of the theodolite. 

Levels in common use, are of two patterns, viz. the * Y' and the 'dumpy.' 
The telescope of the ' Y ' pattern is, in its optical arrangement, similar to that of 
the ' Y' theodolite, but usually of greater diameter and length, having a higher 
magnifying power. Z4'-inch 'Y' and I2*inch 'dumpy' levels are the sizes in 
most common use, although for work requiring great accuracy, levels widi do^inch 
telescopes can be obtained. 

In the ' Y ' pattern the telescope is supported in 'Y's' which are fitted to either 
end of a straight bar, one being hinged^ whilst the other is provided with a screw 
and nuts, so that the position of the telescope with reference to the vertical axis, 
may be adjusted within certain limits. In the 'dunq)y' pattern (latest) these 
supports and bar are rigidly fixed to the vertical axis. 

The level bubble b attached to the telescope (above or below) by screws and 
adjusting nuts. 

In levels, the diaphragm of the telescope (fig. 51), carrying the cross-hairs, 
is made in the form of a Slide, working in grooves, and capable of adjustment, 
in a vertical direction only, by two opposing 
screws, D. 

The cross-hairs are usually three in nirniber^ 
onct horizontal, across the diameter, and iwa^ 
vertical, one on each side of the centre, as 
shown. The reading on the staff is taken by 
the central part of the horizontal hairi while 
the two Vertical ones enable the observer to 
see that the staff is held upright The flat 
bar to which the supports of the telescope are 
fixed, is usually widened in the centre to carry a 
compass ring immediately over the vertical axis. 

A clamp and tangent screw is sometimes 
fixed to the vertical axis. 

The tripod head and stand are similar to 
those provided for the theodolite with either 
four antagonising screws, or a tribrach with 
three screws. 

The * Y' level, although theoretically perfect, is not so much in favour, for 
general use, as the ' dumpy,' so called from its more compact shape. In this 
level, the telescope is fixed to the flat bar or limb at right angles to the axis 
(an adjustment screw being sometimes provided), the optical arrangements being 
similar to those of the ' Y' pattern. It may here be observed^ that in the case 




Digitized by 



Google 



74 SURVEYING. 

of the level, it is not absolutely necessary, although desirable, that the line of 
collimation should be exactly in the axis of the telescope, all that is required 
being, that it should be paralld to the ' spirit bubble ' and at right angles to the 
* vertical axis.' These conditions can be obtained by means of the slight motion 
allowed to the diaphragm, without altering the position of the telescope in regard 
to the vertical axis. 

A small mirror is sometimes provided, about i} inch long, by } an inch 
wide, attached by a hinge to a spring clip, in such a way, that it may be set over 
the bubble tube. By this means, the observer can see that the bubble is at the 
centre of its run, without walking to the side of the instrument, at the time that 
the reading is taken on the staff. 

Various improvements have been adopted by different 
ImprovvA makers, both in the * dimipy ' and * Y' pattern of instrument, 

J^^ having for their object the reduction of the number of separate 

diMUMd. parts, and greater strength. In ' Y ' levels the loose pin formerly 

employed for securing the upper half of the ' Y ' bearing is some- 
times replaced by a spring latch. Glass diaphragms are often used, with hair- 
lines scratched on them in place of cobwebs, but several must be kept, in case 
of breakage. 

Several patterns of levels have of recent years been introduced, with the ob- 
ject of combining the solidity and compactness of the 'dumpy' with the con- 
venience of adjustment of the ' Y ' pattern. 

In one of these, named after the inventor * Cushing's level,' the * eye-piece * 
and ' object-glass ' are fitted into sockets, and are interchangeable. The ' eye- 
piece and diaphragm ' can also be rotated, so that the line of collimation can be 
adjusted. 

A4jiiiti&ait *• Parallax. 

€l tiM a. Collimation. 

•T' PAtt«n 3. Telescope level. 

^*^**' 4. Vertical axis of rotation. 

1. The adjttstment far parallax. — ^That is, to make the focus of the eye-piece, 
and tHMmage formed by the object-glass, coincidl^n the plane of the cross-wires. 
First, adjust the eye-piece till the cross-hairs (illuminated by rays of light re- 
flected from a sheet of white paper held in front of the object-glass) are clearly 
defined, focus the telescope on some well-defined distant object, when, on 
moving the eye, slightly, either horizontally or vertically, the wires should appear 
steadily fixed on the object Carefully readjust eye-piece till perfect, and all 
motion is eliminated. 

2. The adjustment for colUnuUion. — ^That is, to make the line of coUunation 
(i.e. the line joining the optical centre of the object-glass, and the intersection of 
the cross-hairs) mnddeni with^ ox paralld to^ the axis of rotation of the telescope 
in the Y's. 

Turn the telescope through 180^ in its Y's after having sighted the horizontal 
wire on a well-defined object, when, if the wire has moved from the object it 
must be brought back, half by the foot-sczews, and half by the diaphragm screws. 
Repeat till perfect 
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r • 3. The a^usfment fat telescope UveL — ^That is, to make the telescope levd 
parallel to the axis of rotation in its Vs, and therefore parallel to the line of colli- 
nuition. Bring the bubble to the centre of its run, by means of the foot-screws. 
Reverse the telescope end for end, in its Vs, when, if the bubble does not remain 
in the centre of its run, correct halfHoQ displacement by the foot-screws, and ?uilf 
by the screw at one end of the level Now rotate the telescope slightly in its Vs, 
and if the bubble does not remain steady (from the level not being in the same 
plane as the axis of rotation of the telescope in its Vs) adjust by means of nuts 
provided for the purpose, which give lateral motion to one end of the level 
Repeat till perfect 

4. The adjustment for vertical axis of rotation. — ^That is, to make the vertical 
axis of rotation truly vertical, and to put the line of collimation, and telescope 
level, at right angles to it Turn the telescope till it is over two foot-screws and 
bring the bubble to the centre of its run, by them. Then, turn the telescope 
through i8o^ If the bubble is not still in the centre of its run, correct half the 
displacement by the foot-screws, and half by the thumb-screw fixed to one of the 
Y supports. Now turn the telescope through 90° and correct with the third foot- 
screw (or other pair of foot-screws). Repeat adjustment, till the bubble remains 
in the centre of its run during a complete revolution of the telescope, 

A4jiiitm»t «f '• P^"^ 
tht * Ihimpy * 3. Vertical axis of rotation. 
. L«v8L 3. Collimation* 

Adjustments (i) and (a) are similar to those for the 'Y' pattern level 
3. TTu adjustment for colUmation. — ^That is, to set the line of collimation (for 
definition^ vide adjustment of Y level), at right angles to the vertical axis of 
rotation, and therefore parallel to the telescope level Select a level piece of 
ground, and drive two pickets about a chain distant, on either side of the instru- 
ment Having carefiilly levelled the instrument, place a levelling staff on one of 
the pickets (commence with the lowest picket), and read the staff. Turn the 
telescope and re-level it, and read the staff now placed on the other picket 
Drive this picket till the staff reads as on the first picket The pickets will now 
be level Now set up die level about half a chain beyond either picket, and 
level it, reading the staff on each picket, and adjusting with the diaphragm screws 
alone, until the readings on both staves are the same. 

If three pickets are used, and, after adjusting and levelling the instrument very 

carefully, the third reading on the most distant staff does not agree with the 

other two, then it is probable that the tube carrying the eye-piece, does not draw 

axially with the telescope tube. This defect can only be rectified by the makers. 

I. Parallax. 

fi**??t?*J' «• Collimation. 

L«TtL ' 3. To make the Ime of collimation perpendicular to the 

vertical axis. 
4. To make the level perpendicular to the vertical axis. 
X. The adjustment for parallax. — ^As for • Y ' level 
8, The adjustment for colSmation.Sct the telescope over two foot-screws 
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and direct the hOruoAtal wire on some well-defined object Withdraw the 
fixing screw from the eye^piece carrier, and turn it through i8o^ in the socket, 
correcting half the displacement of the horizontal wire bj the diaphragm screws, 
and half by the foot-screws. 

3. To make the Une of coUinuOum perpendUuIar to the vertUdt axis. — ^Direct 
cross-hairs on an object, as for the last adjustment, then interchange the * object- 
glass* with the * eye-piece.' Correct any displacement of the horizontal wire 
half by the foo^screw8, and Aalf by the large damping nut at one end of the 
horizontal limb. 

4. To make the tevd perpenditular to the Vertical axis. — ^Bring the bubble 
to the centre of its run over two foot-screws. Turn the telescope through 180% 
correcting half the displacement of the bubble by the level clamping nuts, and 
half by the foot-screws. Now turn the telescope over the third foot-screw (this 
level being mounted on a tribrach), and correct any displacement of the bubble 
by that foot-screw alone. The bubble should now remain in the centre of its run 
during a complete revolution of the telescope. 



The Levelling Staff. 

The levelling staff in most common use in this country in con- 
%%tJL^^^ i^^^^o^ ^^^ ^^ level, is constructed as follows. An upper solid 
length slides into a central hollow length, which in turn slides 
into a lower or bottom length, the whole thus collapsing into a portable form 
(figs. 53 and 53). These lengths are usually made of well-seasoned mahogany or 
cedar, fitted and screwed together, and rendered as waterproof as possible. The 
bottom hollow length is generally about 3^ inches by 2 inches in cross-section, and 
5 feet long, the next length being an easy fit within the first and the third within 
the second. The positions can be extended so as to make the total length over 
all 14, 16 or 18 feet as the case may be, the 14-foot staff with a bottom length of 
5 feet being most commonly used. Each length when properly drawn out is held 
in position by a spring catch A, engaging with the brass rim of the next length 
below. The bottom is furnished with a brass shoe and the top with a brass cap. 
The face of each length is figured, either in oil colours or on a paper strip, pasted 
on and varnished over, the painted figures being naturally the more durable. The 
divisions consist of feet, tenths, and hundredths of a foot The actual figuring 
is done in many ways to suit individual taste, but the pattern known as Sopwith^ 
illustrated in fig. 52, is by far the most generally adopted. In this case the 
black and white spaces each extend over * ox of a foot, and are made of different 
lengths to facilitate reading. The odd tenths only, are numbered in black figures, 
the top of the figure in every case being in line with the division to which it refers. 
The figures indicating feet are usually painted red, and are of greater size than 
the rest The smaller figures indicating the tenths, are themselves exactly a 
tenth of a foot high, so that the bottom of figure 3 represents * 2 feet, and so on. 
The figure 6 is generally painted with an open loop, whilst the loop of the 9 is 
filled up, and the figures- 10, 12 and 13 on the top length are sometimes replaced 
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FIG. 52. 



by erne, two or three dots respectively (or are painted in Roman numerals), this 
length being too narrow for the figures to be read distinctly. 

In every case the foot or other unit is subdivided decimally. Metres and 
centimetres are used only, in countries in which the metrical system 
prevails. 

In Russia the sagene of seven English feet is subdivided in 
one thousand (1000) parts. 

The telescopic staff is no doubt convenient for travelling by 
tndn or cab, but in the writei^s opinion is open to many 
disadvantages. 

The woodwork is 
apt to swell and warp, 
with wet, so as to make 
it difficult to draw out 

It cannot be safely 
immersed in water, or 
used as a sounding rod. 

Errors may be intro- 
duced by the failure to 
extend the staff fully. 

The surveyor may 
direct the staff-holder 
to pull out the top 
joint, but if the staff is 
stiff, he may fail to do 
so completely, and a 
serious error may be 
introduced 

Finally, the length, 
fourteen feet, is too 
great for general use, 
especially on hilly 
groimd. 

The average height 
of the levelling instru- 
ment above the ground, 
is about five feet 

There is naturally 
a tendency to reduce 

to a minimum the number of positions of the instrument, conse- 
quently there is a temptation, when levelling up hill, to make the 
length of the ' back-sight ' always greater than the ' fore-sight' 

If, therefore, the instrument be not perfectly adjusted in col- 
limation, there is an error, always in the same direction, and 
more cumulative. This error may amount, in the end, to a 
serious amount; and it will not be detected by levelling back, 
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for, when levelling down hiU the tendency will be to make the * fore-rights^ 
longer than the ' back-sights,' which tends to produce an error in the same diiec* 
tion, making, in both cases, the apparent height of the hill too great 

Again, the longer the staff, the greater is the error caused bj any given devia- 
tion from the perpendicular porition. 

The error from this cause is one of excess, but the greater the reading of the 
staff, the greater is the error of excess produced by any given deviation from the 
perpendicular. 

Consequently, when levelling up hill, there is a constant tendency to make 
the ^ back readings ' too high, by an amount that exceeds the probable error of 
the ' fore-sight ' readings which are low. 

When going down hill, this error is in the opporite direction. 

The writer, therefore, prefers a staff ten feet long only, and this length prevents 
great difference in the lei^;th of the ' fore- ' and ' back-sights,' when levelling up or 
downhill* 

For use in cases where much travelling by rail or carriage is not requured, 
the writer considers that the staff should be in one single length like the Ordnance 
survey ten-foot pattern. The staff should consist of a strip of some well-seasoned 
light wood, about 3 inches wide, and f inch or \ inch thick. A strip of wood 
cut out to give hand-holes, for the staff-holder, screwed to the back, serves as a 
stiffening rib. 

To each side of the staff small fillets of wood are nailed, projecting about 
\ inch beyond the graduated face of the staff. 

By lashing together two staves, face to face, the graduations are fully pro- 
tected when travelling. 

When any extensive work is in progress, the writer has fotmd it convenient 
to make a pair of staves of this kind, and to keep them on the work. 

If the staves are shod at both ends, and made exactly ten feet long, out 
to out, they will be handy for setting out masonry. The writer also prefers a 
rounded end to the usual square one, as being more certainly placed in the same 
position when turned round for observation of a ' back-' after a ' fore-sight' The 
ordinary square shoe, when placed on a sloping surface, such as a slanting rock, 
rests on one comer; and when the staff is turned round, on a change in the posi- 
tion of the instrument, there is a tendency to slip or work down the slope. 

The rounded end obviates this tendency to a great extent 

For travelling, by rail or steamer, the writer prefers a folding staff ten feet long, 
with a very stout brass hinge m the middle of its length. 

When folded, the graduated faces should be inside, and therefore protected. 

The staff may be made 2\ inches wide, and about f inch thick. 

The writer disapproves of the ordinary method of numbering the levelling 
staff, for the following reasons : — 

A glance at fig. 54, will show that sometimes the most prominent figure in the 
middle of the field has to be recorded, and sometimes the said figure diminiriied 
by unity. 

Thus, if the horizontal wire cuts the staff as at n, the figures 3 and 9, so to 
speakf stare the observer in the face. 
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Bottom of black numeral 
Middle of black numeral 
Top of black numeral 
Intermediate mark . 



C'lO 

0'20 
0-30 
0*40 




Neither of them must be inscribed in his book, for the true reading is 3*85. 
Nor does the writer find it is essential to practical accuracy that the staff should 
be subdivided to snngle hundredths of a foot 

By dividing into tenths and half-tenths, the hundredths can be 
estimated, with all necessary accuracy, by the eye« Indeed, the 
writer believes that by graduation in this manner, there is less 
liability to serious error, than with the fully-divided staff. 

With the latter, especially in the case of beginners, there is 
a tendency to devote too much attention to the hundredths, so 
causing errors in the tenths, or even in the whole foot. 

The writer has found that the method of graduation, diown in 
fig. 55, proves convenient 

The feet are marked by laige diamonds, half red and half 
black — red below, and 
black above. 

The tenths are marked 
by black diamonds, and 
the half-tenths by small 
black squares, respec- 
tively. 

The figures indicating 
the feet are clearly marked 
twice on each successive 
foot, one black and the 
other red. Thus, taking 
the part between the third 
and fourth foot-divisions 
of the staff, it is obvious 
that any reading between 
these points, is three feet 
and some decimal of a foot 

Each figure is two-tenths of a foot in height 

The black three, corresponding to the black half of the 
lozenge, marking the third foot division, extends from 3*10 
to 3-30. 

The red three, extends firom 3*70 to 3*90. 

One foot-numeral is therefore always in view, and the numeral 
which is nearest to the cross-wire is that to be inscribed in the 
level-book. 

The black and red numerals also assist in enumerating the 
tenths. Thus 
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A long mark • • • . . 


©•50 


Intermediate . • • • • 


o*6o 


Bottom of red numeral • 


0*70 


Middle of red numeral • 


o'8o 


Top of red numeral 


• 0*90 


Division of red and black lozenge • 


I'OO 



The only case in which there can be any hesitation as to the proper foot* 
numeral to inscribe, is when the wire falls exactly on the division between the red 
and black halves of the large lozenge which indicates the exact termination of the 
foot 

Then the upper or black figure is to be inscribed. 

If the wire faUs on the black half of the said lozenge, then the black numeral 
is the proper one ; if on the red, then the red one. 

The (^monds and lozenges being 0*02 in height, afford the means of esti- 
mating the hundredths ; 0*02, 0*03, 0*07 and 0*8 alone require to be estimated 
by eye. The writer is quite aware, that good work can be done with the ordinary 
Staves, but having used a staff of the pattern Just described for many years, and 
having found that persons, not previously conversant with levelling, learned to 
read it more quickly than the ordinary staff, he has considered it worthy of 
description. 

Staves can also be obtained la feet long in solid wood, made with a hinge in 
the centre, and fitted with a stiffening arrangement at the back, to keep the two 
portions in a straight line when opened out for use. This pattern of staff has the 
advantages that the face is the same width from top to bottom, and consequently 
can be read with equal facility at any part, and that the whole arrangement will 
stand more rough usage than any telescopic staff. On the other hand it is 
somewhat heavy and hardly long enough for use in very hilly country. 

For Ordnance survey work a lo-foot solid staff, figured on both sides, is used 

—one side commences at zero at the bottom, and the other at, say i '5 foot — 

readings are taken front and back, and the staff can be reversed end for end, and 

read front and back again. 

_ _. It is obviously essential that the staff be held in a vertical 

Urilyofatalt position. 

The usual plan of attaining this, b to cause the staff-holdei 
to stand to attention, heels together, with the heel of the staff between his toes, and 
clasping it between the palms of his hands at die height of his lace, with the staff 
touching his nose. 

In this way a £ur approximation to verticality can be attained. 

It is, however, difficult to induce staff«men to assume this severe attitude. 

In windy weather, or on rough ground, it is impossible for them to do 8O4 
The writer, therefore, recommends the use of some appliance which will enable 
the staff'holder to hold the staff perpendicular when standing in any attitude. 

One way of so doing, is to attach a small circular bubble-level to the back 
of the staff, by means of a bracket 

The staff-holder then brings the bubble to the middle of the glase-plate, when,. 
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if the level is properly adjusted, the staff will be. vertical. The drawback to this 
arrangement is, that circular levels are very apt to leak, the ether in them con- 
sequently evaporatmg. 

The level, with its supporting bracket, forms a projection from the staff, and 
is therefore liable to injury in transport. 

The simplest plan is to attach a small pendulum of brass or iron (fig. 56) to 
the back of the staff, thus : — 

The point below the pendulum bob, fits loosely into 
a ring connected to the staff. 

The staff-holder has merely to hold the staff so that 
the pendulum point swings about the middle of the ring, 
when perpendicularity, in all directions, is secured. 

The writer has not found any difficulty in inducing 
staff-holders, even wild and uneducated men, to pay 
attention to the pendulum. 

It certainly adds to the comfort of the leveller, by 
obviating the necessity for continued shouting and signal- 
ling to the staff-holder, which is not conducive to that 
repose of mind which is necessary to accurate work. 

Fig. 57 shows another form of pendulum. 

In this pattern, the pendulimi is suspended by a 
stirrup in the middle of its length. A small cup in the 
stirrup rests on a point on a bent rod, screwed into the 
staff. 

The upper point of the pendulum plays freely in a 
ring, also screwed into the staff at a point conveniently 
below the eye of the observer. 

The merit of this arrangement is, that the staff-holder 
can see whether the point is in the centre of the ring, 
with greater ease than in the first-mentioned plan. 

The period of oscillation of the compound pendulum, 
is also longer than that of the simple pendulum of equal 
length. 

It is not usual to provide levelling-staves with levels, 
or pendulums, as good work can undoubtedly be performed 
widiout them. 

One simple plan for ensuring verticality when reading, 
is to cause the staff-holder to swing the staff through a 
small angle on either side of the vertical, towards the 
observer. 

It ii evident that the lowest reading observed is that corresponding to the 
vertical position of the staff (fig. 58). The observer can see, by the vertical wire 
of the telescope, whether the staff is held perpendicularly, in the plane of the 
instriunent 

Care must be taken to see that the staff is swung on both sides of the vertical 
The drawback to this plan is, that the staff-holder is apt to swing the staff laterally 

Q 




FIG. sd. 
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as well as to and from the observer, in a manner that is annoying. On the whole, 
the writer believes, as the result of experience in many countries, and with many 
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FIG. 57. 



no. 58. 



different races of men, that the pendulum is a valuable addition to the levelling- 
ttaflF, tending to accuracy and expedition. 



L«veli. 
AlnMy*! L«v*I. 



6. Reflecting and Water Levels. 

There are several forms of 'reflecting levels' and 'clino- 
meters,' the following being the most useful 

This level, invented by Captain Abney, consists of a tube in 
which (at the end farthest from the eye) is placed a metal 
mirror (filling half the tube) at an angle of 45^ with the line of 
vision. The lower edge of the mirror, which is carried in a metal frame fitting 
into the end oif the outer tube, is placed exactly in the line of sight. A bubble 
fixed to a carrier, capable of rotation, is reflected in the mirror, when in the 
centre of its run. The bubble carrier has a graduated arc, and is either moved 
direct by its rim, or by a pin and ratchet movement The bubble, when re- 
flected, and seen through the eye-hole, is bisected by the horizontal edge of 
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the mirror, and coincides with the object viewed. The inclination of the line 
of sight can be read off on an arm attached to the bubble axis, by means of 
a vernier. This vernier subdivides the degree into six parts, thus reading to zo 
minutes. The rates of inclination such as i to i, i} to i, etc., are also some- 
times marked. The higher fractions, such as i in 6, &c., may be marked twice 
over, so as to enable the batter of a wall or chimney to be taken, with the 
assistance of a straight-edge against which to hold the tube, the level in the 
latter case being at zero when at right angles to its former and normal position. 
In some patterns the mirror edge is vertical, and a horizontal hair defines the 
position of the bubble when in the centre of its run. 

This instrument is an amplification of the ordinary pocket 
Wagim^i level, by the addition of a telescope. In the Wagner's level 

(figs. 59 and 6o) the level-bubble B is placed on one side 
of the telescope, the tube of which is cut away opposite 
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FIG. 59. 
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to it on both sides. On the opposite side of the telescope-tube, a mirror M is 
fixed, at an angle of about 35^ with the axis. This reflects the rays of light firom 
the bubble and renders it visible to the observer's eye, when 
in position for looking through the telescope. The side of 
the lens of the eye-piece £, which is nearest to the eye, is cut 
away, (fig. 61) on the side on which the mirror is fixed. A 
second lens L, of somewhat longer focal length, is similarly 
cut and fitted at the side of the eye-piece cell. The focal 
length of this second lens is such that the level-tube, as seen 
in the mirror, is in distinct focus. Its optical axis L O, 
moreover, is inclined to that of the telescope so that after 
reflection it cuts the middle point of the level tube. The result is that when 
looking through the telescope, a magnified image of the bubble is distinctly seen . 
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at one side of the field (fig. 62). The telescope is attached to a bar K at the 
eye-piece end, by a spring S. At the object end it rests on a fine point of a 
micrometer screw N, passing through a nut in the bar. It is therefore only- 
necessary to direct the telescope to the staff", bring it approximately horizontal, 
and then, by means of the micrometer-screw, raise or lower the object-end of the 
telescope until the bubble is brought to the centre of its run, and read the position 
of the cross-wire on the staff*. The smaller sizes of these instruments may be used 
supported on a light rod, cut to the height of the observer's eye, and provided 
below with a cross-piece or foot The vertical rod is steadied with a second stick 
clasped to the upright rod with one hand, whilst the other is free to adjust the 
micrometer screw. It is preferable to mount the Wagner level on a tripod stand, 
which may be made very light 

The tripod carries at its head a ball-and-socket joint, which serves both as 
an axis of horizontal, and of vertical motion. The ball can be clamped into any 
position, by tightening the screws which hold down the cap, which keeps the ball 
in its seat The observer simply adjusts the ball-and-socket joint to easy friction, 
turns the telescope round imtil the vertical wire corresponds with the staffl Then 




riG. 62. 



he elevates or depresses the telescope, until he sees the bubble somewhere near 
its central position. He then clamps the ball-and-socket by means of any one of 
its screws, and finally brings the bubble to the centre of its run by means of the 
micrometer-screw, and reads the staff". With a little practice, this can be done 
with great expedition. The ball-and-socket joint gives great range, both in 
altitude and in azimuth. It is only necessary to plant the legs in a stable posi- 
tion ; and then a reading can be obtained in a few seconds, without the necessity 
for any temporary adjustment The accuracy of the results attainable with this 
little instrument is surprising. The writer has more than once checked levels, 
taken with it, with those obtained by means of a 12-inch ordinary level. On 
one occasion a circuit was levelled simultaneously with a Wagner level having 
about a 4-inch focal length, and witli a good 12-inch Dumpy level. Each read- 
ing was taken with both levels, and a separate book kept The result was that, 
in no case did the difference in any one level, exceed o * 03 of a foot, and the final 
closing error, on completing the circuit, was in favour of the Wagner's level. 
There is no doubt, therefore, that these small and cheap levels, are capable of 
rendering excellent service, especially in rough and mountainous country. The 
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optical qualities of the telescope are excellent, and the workmanship of the 
instrument generally is very good. In a bright light, it is quite practicable with 
the instrument of ^ inches focal length, to bisect the hundredths of a foot on 
an ordinary staff, at a distance of 150 feet. With the larger sizes, having greater 
magnifying power, it is possible to obtain equal precision, at greater distances. 

This level cannot be held to replace the ordinary pattern for general engineer- 
ing purposes. It is not well suited for giving a series of spot levels, such as those 
of pegs, etc., from one position of the instrument Such levels on even groimd 
would be more conveniently, though not more accurately determined, with the 
ordinary level. For preliminary work, especially in mountainous regions, and for 
taking sections in which minute detail is not required, and where fore and back- 
sights will, for the most part suffice, it is an excellent instrument 

For these levels, the bubble tubes are ground so as to be "reversible," that 
is to say, to be curved to equal radii in any longitudinal section {^de fig. 63). 
Consequently, when supported in 
a pair of Vs and levelled, the 
tube may be turned up-side down, 
without altering the position of 
the bubble. This materially fa- 
cilitates adjustment To make 
the level tube parallel to the line 
of collimation, take a reading with 
the level, say to the left, and the 
bubble in the centre of its run. 
Then, detach the telescope, and 
re^attach it with the level-tube 
right, again bring the bubble to 
the centre of its run and read 
again. If the two readings are 
the same, the collimation is cor- 
rect If not adjust to the mean 
of the two readings by the screws 
of the level supports, or by mov- 
ing the diaphragm, preferably the 
former. 

As reversible level-tubes are 
not easily procurable, it is well, when ordering for abroad, to provide a spare 
level-tube. 

The bubble and mirror are enclosed in a casing (not shown in the figures), 
in the side of which is a slot for admitting light to the bubble-tube. 

Another very portable form of reflecting level, (which, how- 
ever, can only be used to trace a horizontal line from the 
lif^^ observer's eye,) consists of a piece of glass about i inch square, 

half of which is silvered, and half plain, slimg by a universal 
joint from a ring of convenient size, to slip over the thumb. The bottom of 
the finame, (weighing about half a pound) in which the glass is fitted, is provided 
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with a bar, which, by a screw or by filing, can be adjusted so as to make the 
mirror hang vertically. The instrument being held at arm's length, with the help 
of a staff or other support, is moved gently up or down until the pupil of the eye 
as seen in the mirror is exactly bisected by the edge of the silvering. Any 
object observed through the clear glass at the same height as the reflected eye, 
will be level with it 

Other and more complicated forms of this instrument are in use, by iiiiidi 
objects may be noted at difierent rates of inclination above or below the observer. 
They are all constructed with some form of adjustable balance at the bottom of 
the frame so that the glass may be tilted out of the perpendicular, to the required 
degree, the balance being marked with the slopes, i in 20, &c., for the convenient 
adjustment of the movable portion. 

Barker's clinometer consists of a prismatic compass with a 
OUnooMter supplementary dial, weighted at one side so as to hang with its 

sero line horizontal, when the case is held vertically. The 
object is viewed through the slit over the prism and the sight-vane, (as for com- 
pass readings), and the angle of inclination is read through the prism in the same 
manner as the divisions on the compass card. 

The clinometer dial is not a complete circle, but has a s^;ment omitted, and a 
stop is fitted so that it may be fixed in such a position that an unobstructed view 
of the compass card, below the prism, may be obtained when the instrument is to 
be used for taking bearings. The case is usually furnished with a flat on one 
side, in order that it may be placed on a straight-edge, the inclination being read 
off* on another part of die weighted disc, against a line marked on an opening in 
the box. 

Another form of clinometer is made in box-wood, somewhat 
BnbUt Levd. ^^^ ^^ manner of a folding rule, but much shorter, and of 
larger section. 
Level bubbles are let into the surfaces of the two arms, the top arm being 
fitted with a sight and cross-wires at the ends. It is used in conjunction with a 
straight-edge, the lower arm resting thereon while the upper is opened up till the 
bubble is in the centre of its run. The inclination will be found in degrees 
marked on the hinge of the rule. 
Wattf L0T«L '^^^ ^^^ ^'°'™ ^^ *^* level, consisted of two vials fitted to 

the ends of a tube, and partly filled with water, the level sight 
being taken over the surfaces of the water as seen in the vials. This form of 
level is used to a limited extent in rural districts on the Continent It is found 
useful sometimes when levelling through close buildings or towns, or for drain 
laying. Browne's water level is a convenient form for such work. 

7. The Theodolite. 

Tht Thtodolite. "^^ theodolite is the most perfect portable instrument at 

present in use for observing angles in azimuth or altitude. It 
is commonly made in either of the following three forms, viz. the * Y ' pattern, 
the * Everest,' or the more modem * Transit' 
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The chief diflferences between the types, (to be described in detail hereafter), 
consist, in that the * Y ' instrument is provided with a semicircle only, for reading 
angles in altitude, the 'Transit' is fitted with a complete circle, while in the 
' Everest,' there are two segments of circles for these readings and the telescope 
cannot be transited, (that is turned completely over on the trunnions which support 
the centre of the telescope) so as to read the same line either backwards or 
forwards. 

The theodolite (in the 4 foot-screw pattern) is attached to 

Befexiptioii of the screw of the tripod head by the lower of what are termed 

puts, Mmmoa the parallel plates. These plates P P (fig. 64) form in reality 

to ThoodoUtoi. ^ ball-and-socket joint, the motion of which is limited by the 

foot-screws S S. These are placed diametrically opposite to one 

another, in such a manner, that by slackening one and tightening the opposite 

screw, the plates may be placed at a varying angle relatively to one other, (within 

certain limits), and locked fast in that position. Care must be taken in setting 

up the tripod, that the lower plate is approximately level, in order that when the 

upper plate has been levelled by the screws, the latter may be nearly at right 

angles to the lower plate, obviating any tendency in the screws to slip sideways 

and jam. 

In the centre of the upper parallel plate is formed a conical bearing, to 
receive the hollow axis of the * lower limb.' Round the edge of the * limb ' or 
plate attached to this axis, is a ring rr of silver divided into degrees and half 
degrees in the smaller instruments, or to 20' or 10', in 6-inch to 12-inch instru- 
ments. The diameter of the plate is used to indicate the size of the instrument 

Within the hollow axis of the * lower limb ' revolves the solid cone attached to 
the under side of the * upper limb.' The ' upper limb ' carries the supports // of the 
telescope, (with a magnetic compass arranged between them), two spirit levels /at 
right angles to one another, and two verniers v v, fixed opposite to each other, and 
reading on the degrees divided on the adjacent rim of the Mower plate.' In the 
ordinary 5-inch instrument with the lower limb divided to jf degrees, the verniers 
are arranged to read down to single minutes. A low-power magnifier, fitted to 
a sliding piece in the undercut groove beneath the ' lower limb,' is provided for 
reading the verniers. 

A clamp c fitted to a slide in the same groove, carries a screw d working in a 
nut fixed to the ' upper plate,' in such manner, that when the clamp is tightened 
on to the ' lower plate,' the only relative motion possible between the two plates, 
is that due to the motion of the screw when revolved This is termed a ' slow 
motion screw.' 

A clamp ^, similar in principle, is applied to the ' lower limb ' and the ' upper 
parallel plate,* so that either the * upper and lower limbs,' or the * lower limb ' and 
the ' parallel plate,' or both pairs, may be clamped together. On the * upper limb,' 
or * vernier plate ' are fixed the two side frames which support the axis of the 
telescope. Each frame is fitted with a V shaped bearing at the top, with 
movable caps, the V block on one side being made adjustable in height. 
Inside each cap a small piece of cork is fixed so as to hold down the axis of th^ 
telescope with a firm but slightly elastic pressure. 
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One of the spirit levels for levelling the * upper plate' is commonly fixed on 
the side of one of these frames, the other heing attached to the plate direct In 
the centre of the ' upper plate ' between the frames is fixed a magnetic compass, 
with a needle about ^\ inches long, the circle being divided to half degrees. It 
will be observed that the circle divisions are figured from right to left, contrary 
to the figuring on the limb, to allow for the fact that if the telescope be directed 
along a line having a ' bearing ' of say 90^, the compass will be revolved round 
the stationary needle, from left to right 

In the 3 foot-screw pattern, a ' carrier,' with three cups or V slots (and a 
securing plate, with three holes in it to clip the feet of the screws), is screwed 
on to the tripod head, and the screws rest in the bottoms of these cups or on 
the V slots, but are not screwed down. 

In the transit instrument, (fig. 64) the telescope is fixed at 
S!lJrfS!f ^ '^^^ angles to the horizontal axis, which is supported in the 
bearings above mentioned on the ' A ' side supports or frames. 
The vertical circle or limb is attached immovably to the telescope, being a flat 
circle inlaid with a ring of silver, and divided, each way, from the horizontal or 
zero line, to 90^ Two verniers, u u^ reading to from i' to 10", are carried on an 
arm to read in this circle. A damp and tangent screw are fitted to clamp the 
vernier arm to the circle, and give slow motion. 

The vernier arm is T shaped, the dropping 1^ being provided at the lower 
end with a jaw and two opposing ' clip screws,' by means of which it may be 
adjusted to a piece of metal projecting from either A support When properly 
adjusted the verniers should read zero, when the line of collimation of the tele- 
scope is horizontaL A microscope is fitted to each vernier in the same manner 
as for the horizontal limbs. On the top of the ' vernier arm ' a spirit level is 
provided of greater size and therefore of superior accuracy, to the small ones on 
the upper plate. 

The telescope consists of two tubes, an inner and outer, sliding one within 
the other, actuated by a rack and pinion for focussing purposes. It is more 
convenient, in use, when the object-glass end moves away from the observer, 
than when, as in some instruments, the eye-piece end moves towards him. The 
object-glass is commonly about one inch in diameter, made up of a double 
convex lens outside, and a concavo-convex lens inside, of different qualities of 
glass, for a correction of the dispersion which would otherwise occur. Having 
passed through the object-glass, the rays are brought to a focus at a point close 
to the other end of the telescope where the ' diaphragm ' is placed, and they are 
picked up by a pair of plano-convex lenses, fixed together in the eye-piece, with 
their convex faces opposed to one another. The eye-piece lenses are so arranged, 
that by a small sliding adjustment they may be made to focus on the diaphragm, 
and to pick up the image from the object-glass, at the same time, with that of 
two or more 'cross-hairs' stretched across an opening in the diaphragm. 

The diaphragm consists of a brass ring, connected to the telescope by two 
pairs of opposing screws ^, which pass through slotted holes in the tube, so as to 
permit of slight adjustment in either a vertical or horizontal direction. The 
' crosa-haira ' are as a matter of fact, fine spiders' webs attached by a varnish 
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composition, or lines scribed on a glass disc. The use of an eye-piece as above 
described, produces an inverted image of the object viewed. An erect image 
may be obtained by the use of the erecting eye-piece, usually supplied with the 
instrument, but the disadvantage of the loss of light due to the use of the two 
additional lenses necessary, is generally considered to be greater than the slight 
inconvenience caused by the inversion of the image. In the body of the tele- 
scope two *' rings ' or ^ stops ' are fixed, to cut off the outside rays which are more 
or less coloured, and to prevent reflections from the interior of the telescope 
tube. A sun-shade is usually provided for solar observations, with a cap to pro- 
tect the object-glass from damage when not in use. 

The tripod stand to which the instrument is attached when in use, is either 
made with camera legs, or sectional in shape so as to form a cylinder when closed 
together. The legs are fastened by bolts and screws to the under side of the 
tripod head. The tripod head is finished at the top by a large coarse-threaded 
screw, working into a female thread, cu.t in the under side of the ^ lower parallel 
plate ' or ' tribrach.' Underneath, in the centre, is a small hook from which a 
plumb-bob is suspended to enable the theodolite to be set up exactly over a given 
point This instrument is fitted with a diagonal eye-piece for use when making 
observations at high altitudes, and also with dark glasses. A striding level is 
supplied to record the inclination of the horizontal axis of rotation, when 
desirable,* 

The horizontal axis is usually perforated so that the wires can be illuminated 
at night, by means of a lamp. This can also be effected by a bead suspended 
in front of the object-glass, or a slip of white paper \ inch wide (fixed at 45** 
across the object-glass), rays of light being thrown across them from a lamp held 
in the hand. 

The * Y ' theodolite is similar in construction to the transit 
'T'ThMdolile. *? ^^ ^ concerns the stand and work below the*A'side sup- 
ports. The vertical arc is little more than half a complete 
circle, the balance being cut off and replaced by a flat plate, carrying at either 
end a bearing or ' Y ' to carry the telescope, from which the instrument takes 
its name. The telescope, which is similar in its optical arrangements to that 
of the transit, is provided with two turned collars, which fit die bearings, so 
that the tube may be revolved on its longitudinal axis, or when the caps of the 
bearings are removed, the telescope may be lifted out and replaced end for 
end. The spirit-level is fixed to the telescope so as to be underneath, and out 
of the way, when in position for use. No adjustment is provided in the bearing 
of the horizontal axis, as in the case of the transit, this adjustment not being of 
such importance, since the telescope cannot be used to observe angles of great 
elevation or depression. Only one vernier is fitted to the vertical arc, fixed to 
one side support, and in some instruments only one level is provided on the 
upper plate, at right angles to the telescope, levelling in the other direction being 
accomplished by setting the vertical arc to zero and using the level attached to the 
telescope or by turning the plate through 90®. A clamp and tangent screw, are 
provided to the vertical arc. The ' A ' side supports are made lower, than in the 
case of the transit, as there is no need to provide room for transiting the telescope. 

♦ Fi^ Appendix B. 
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It is to be observed that the instruments above described, 

I*te improT*- are of the form most generally used, and hitherto the stock 

ft^timfc* article sold by the ordinary dealer. Of late years, however, 

considerable attention has been given, by the best makers, to 

improvement in certain details of construction, the principle of the instrument 

remaining the same. 

I. Various forms of shifting heads can be obtained, to render easier the 
operation of centering the instrument over a station point Some of these arrange- 
ments are adapted to the 'parallel plate' form, and others to the * three-screw ' 
arrangements. A useful accessory to the shifting head, where vezy accurate work 
is desired, is a small diagonal telescope n n with two cross-wires, so constructed 
that it may be inserted into the inner vertical axis which is made hollow for the 
purpose. By this means the theodolite can be set up with ease over a mark, not 
less than 9 inches or more than some 10 feet beneath it and scribed on the head 
of a copper nail driven into the station peg. When it is desired to use the plumb- 
bob the hole in the axis is filled by a long turned plug, with an eye or hook at 
its lower end. 

3. A very desirable addition to the tangent screw is a reaction spring, so 
arranged that the nut shall be always pressed against the screw in one direction, 
preventing the annoyance of 'back slip' when the threads have become worn 
from use. 

3. Greater accuracy in reading ' magnetic bearings' can be obtained, by the 
use of a needle of considerably greater length than can be got into the circular box 
between the standards. Such a needle is usually mounted in a long narrow box, 
giving a range of motion over a small arc of about 20^ at each end, the box being 
fitted either on the top of the telescope, or underneath the ' lower plate.' The 
' upper plate ' vernier being set to zero, at the same time that the needle points to 
the north, if the * lower plate ' be clamped and the * upper ' one released, the bear- 
ing of any point to which the telescope may be directed, will be indicated on 
the divided circle on the lower limb. 

The compass needle is sometimes suspended in a small telescope tube, with 
the end of the needle turned up at right angles, so as to pass to and fro in front 
of a glass divided scale, the telescope being fixed belcJw the ' lower limb' in the 
same manner as the trough compass above mentioned. 

4. If observations have to be taken at night, or in tunnels, &c, it is necessary 
to have some means of illuminating the cross-hairs in a slight degree, but not 
to an extent sufficient to interfere with the view of the distant object This 
is accomplished by piercing one end of the axis of the telescope, so as to 
admit of the rays from a very small lamp placed on a bracket, passing to its 
centre. The light from the lamp is then reflected towards the eye end, by 
means of a small mirror placed exactiy in the axis of the telescope, giving just 
sufficient illumination to enable the hairs to be seen« The lamp is balanced 
by a weight attached to the opposite support 

5. The chief source of weakness in the ordinary instrument is the webbed 
diaphragm, the cobwebs being of such slight texture that they are readily broken 
br the least touch, or by the wind or rain, if the eye-piece be momentarily 

♦ Vide Appendix A for account of micrometers lo read hor. and vert. arcs. 
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taken out for cleaning, or other purposes. This difficulty is overcome by using 
discs of parallel worked glass upon which can be ruled lines of the desired 
fineness. Small points of platinum alloy are sometimes used, attached to the 
top, bottom, and side of the hole in the diaphragm plate, so that while the tip of 
the horizontal pointer is at the exact centre of the space, the top and bottom 
points indicate the direction of a vertical line passing through the same centre. 
These, however, do not give such a fine definition as lines ruled on glass. 

6. Instruments in which the vertical circle bubble is fixed to the vernier 
arm, will be found much more convenient in use, than those in which it is 
attached to the telescope tube. In the former case the level is always in its 
proper position, and when correctly adjusted, indicates when the zero line of the 
verniers is horizontal, whether the telescope be so or not, while in the latter case 
this fact cannot be ascertained, without first bringing the telescope back to zero 
and damping it there. The level adjustment is also gready simplified, when the 
level is attached to the vernier arm. 

7. The weight of the instrument is a matter of great importance where it has 
to be carried for long distances, and where rapidity of observation is requisite, and 
this may be reduced at least 30 per cent by the use of aluminium in the con- 
struction of parts which are not subject to great wear. 

I. Parallax. 
A^JuttaLMit of , Vertical axis of rotation.* 

(he TxBiisU 
^1^^^^^^^ 3. Honzontal coUimation. 

4. Vertical circle or * zero of altitude.' 
I. Adjustment for paraUaXy as for the Level telescope (p. 74). 
s. Adjustment of vertical axis of rotation^ Le. to make the vertical axis of 
rotation truly vertical, and set the levels of the horizontal plate at right angles 
to it Turn the telescope till the vertical circle level (attached to the T carrier) 
is parallel to two foot-screws, and by them bring the bubble to the centre of 
its run. Turn the telescope and upper horizontal plate through z8o^, and if the 
bubble leaves the centre of its run, bring h back half by the foot-screws, and 
Malfhj the T antagonising screw. Then, turn the telescope through 90^ over 
the third foot-screw (or other pair of foot-screws), and by their motion alone bring 
the bubble back to the centre of its run. Repeat till perfect Lasdy, adjust 
the levels on the horizontal plate so that their bubbles may be in the centres 
of their runs. 

3. Adjustment for horizontal coUimatian^ Le. to set the line of collimation (for 
definition vide ' The Level ') at right angles to the horizontal axis of rotation which 
rests on the trunnions. It must be noted that these instruments have no adjust- 
ment screws for moving the diaphragm vertically. Intersect some distant well- 
defined object with the cross-hairs, and clamp the horizontal plate. Reverse 
the telescope in its bearings, and if the object be not still intersected by the 
cross-haiis, correct half by the tangent screw of the horizontal plate and half 
by the screws that move the diaphragm. Repeat till perfect 

4. Adjustment of the vertical circle or ^%ero of altitude^ Le. to make the 
vernier read zero on the vertical arc when its bubble is at the centre of its run. 
Bring the vertical circle bubble to the centre of its run, by means of the T 

* Vide Appendix B for * Adjustment of Hor. Axis of Rotation.' 
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carrier antagonising screws. Intersect a well-defined object with the horizontal 
wire, and read one vernier. Reverse the telescope in its bearings, and re-level 
the bubble by the antagonising screws. Again, intersect the same object with 
the horizontal wire, and read the same vernier. Set the vernier to read the 
mean of these readings, on the arc. Now bring back the horizontal cross-hair 
(which will have left the object), by means of the antagonising screws, and 
adjust the bubble, which will now have left the centre of its run. This is 
done by means of the capstan-headed screws at one end of the bubble tube. 
Repeat till perfect 

In lieu of adjusting the bubble tube, the error may be noted and applied as 
an ' index correction ' to all vertical angles. 

Adjustments (3) and (4) cannot be made absolutely perfect, but the effects 
of residual error may be eliminated by pairing observations with the telescope 
reversed. 
Th0 A^Jnit- "^^ adjustments of this pattern are exactly similar to those 

BMnt' of tlM above described for the ' Transit Theodolite.' 
•Svareft' 

^»^<^*^ I. Parallax. 

A^Juftmmt *• CoUimation. 

of tho 3. Telescope level 

•Y'ThooWito. 4. Vertical axis of rotation. 

5. Vertical circle or * zero of altitude* 

1. Adjustment for parcUlax^ as for the Level telescope (p. 74). 

2. Adjustment for coilimcUion.--{For definition vide * The Level.') Turn the 
telescope by a rotary motion in the Vs until one pair of diaphragm screws is 
vertical, and sight the cross-wires on some well-defined object Now turn the 
telescope half round in the Vs and if the intersection of the wires has moved 
vertically from the object, bring it back half by the vertical tangent screws, and 
halfhy the now vertical pair of diaphragm screws. Now rotate the telescope 
through 90°, and repeat the process with the other pair of diaphragm screws, now 
vertical. Repeat until the intersection of the cross-wires remains fixed on an 
object during the whole of a revolution of the telescope in the Vs. 

3. Adjustment of telescope levels i.e. to make the telescope level parallel to the 
axis of revolution of the telescope in the Vs, and therefore parallel to the line of 
collimation. Bring the bubble of the telescope level to the centre of its run and 
clamp the vertical arc. Reverse the telescope end for end in the Vs, and if the 
bubble does not still remain in the centre, correct half the displacement by the 
vertical tangent screws, and half by the screw at one end of the level. Now 
rotate the level slightly in the Vs, and if the bubble moves, place the level in a 
truly vertical plane by means of the lateral screws provided at the other end of 
the level. Repeat till perfect 

4. Adjustment of vertical axis of rotation^ i.e. to make the vertical axis of 
rotation truly vertical, and to set the line of collimation and the levels of the 
* horizontal plate ' at right angles to it Turn the telescope till it is exactly over 
two opposite foot-screws, and bring the bubble of the telescope level to the centre 
of its run, by the vertical arc tangent screw. Now clamp the ' lower plate/ and 
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turn the * upper plate ' through i8o** till the telescope is again over the same pair 
of foot-screws. If the bubble be not still in the centre of its run, correct half Haft 
displacement by the vertical tangent screws, and half by the foot-screws. Now 
turn the telescope and * upper plate * through 90° over the other foot-screw (or 
pair of foot-screws) and bring the bubble to the centre of its run with this screw 
(or pair of screws) alone. The vertical axis of rotation will now be nearly 
vertical. Repeat till perfect Adjust the levels on the horizontal plates entirely 
by their own adjusting screws. 

5. Adjustment of vertical arc or * Zero of Altitude^ Le. to make the vernier 
of the vertical arc read zero when the vertical axis of rotation is truly vertical 
If after performing the fourth adjustment, the vernier of the vertical arc does not 
read zero, when the telescope bubble is in the centre of its run, then make it do 
so by adjusting the vernier plate, by means of the small screws by which it is fixed. 
In lieu of adjusting the vernier plates, the reading of the vernier may be noted 
and applied as an ' index correction ' to all vertical angles. 
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CHAPTER IV. 
TRAVERSE SURVEYING. 

In the preceding chapters on chain surveying, it has been 
BoBArki on tacitly assumed, that for all practical purposes, corrections neces- 
VeglMting the g^yy ^hen the spherical form of the earth is taken into account, 
T^IiSl^ * ™*y ^^ neglected, and the area surveyed has been treated as a 
plane surface. This assumption may be safely made when the 
area surveyed is small. Indeed, the only way in which the surface of a sphere 
can be depicted correctly on flat paper, is to divide the spherical sur&ce into 
limited areas, so small, that each may be treated as a plane. In discussing the 
geometrical problems involved in traverse surveying, the same assumption will 
be made as heretofore, and the spherical form of the earth will be neglected so 
far as field work and plotting are concerned. The errors due to this assumption 
will be far less than those which are unavoidable in ordinary chainage, and angular 
measurement. It will be seen hereafter, however, that when astronomical observa- 
tions are applied to determine the true north and south line, at various points of a 
traverse, the convergence of the earth's meridians must not be neglected. Simple 
rules for computing this convergence will be given later on, after the practical 
portion of traverse surveying has been described. 

The expression ' traverse ' was doubtless originally borrowed 
MbiitiMi of fjQni the art of navigation, in which it signifies * the method by 
•Travma which the mariner determines the change in the position of his 

Swoying.* ship,' after sailing in various directions, or on different ' courses,' 

for various distances, as estimated by the log. In the first in- 
stance, it was doubtless applied to surveys made with the compass, when the 
surveyor observed with the compass, the ' bearing ' of the line, from one station- 
point to the next, and measured with the chain, the intervening distance. In this 
way he determined directly the relative positions of a number of station-points, 
delineating a road or boundary, and without the necessity for measuring any sub- 
sidiary lines, merely for the purpose of fixing the relative inclination of the several 
station-lines to each other, as above described under chain surveying. In this 
manner he can prepare a plan of a forest without the labour and expense of 
chaining lines across it, or of a lake, across which chaining would be impracticable, 
or he can survey a road without trespassing on adjacent property. In short, he 
determines the path which he traverses on land, exactly as the mariner determines 
the path traversed by the ship on the ocean. 

The compass not being susceptible of great accuracy in angular measurement, 
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the theodolite is often employed in lieu thereof, and instead of measuring the 
magnetic bearings of the several lines, their inclinations to each other or to a 
standard line of direction are measured, the standard line of direction being 
usually a true north and south line. 

Traverse surveying, therefore, may be defined as *a method by which each 
survey point is determined by one angular and one linear measurement,' instead 
of by two or more linear measurements as in chain surveying. 

Let A B C D E (fig. 65) be any polygon. It is clear that if all 
the sides A B, B C, &c., as well as all the angles A B C, B C D, 
C D £, D £ A and £ A B, are measured, complete data exist 
for delineating the polygon on paper, and moreover, it is possible 
to check the accuracy of the work. Again, if the position of any 
point such as A, is already determined and fixed on the plan, and 
the angle which A B makes with some fixed line, such as the true north and south 
line SAN drawn through A, is also known, then the whole polygon can be placed 
in its proper position with regard to the re- 
mainder of the survey. One might proceed to 
lay off the angle NAB, and set off the measured 
distance A B, then lay off the angle ABC and 
set off B C, and so on. If the work were accu- 
rately performed, both in the field and in the 
office, then on completing the polygon the start- 
ing point A would be reached, and the polygon 
would * close.' This procedure would be both 
cumbrous and inaccurate. If the polygon did 
not * close,' absolutely correctly, there would be 
nothing to show whether the inaccuracy was due 
to faulty measurements in the field, or inaccuracy 
in drawing. 

The accuracy of the angular measurements 
can be tested however by the following precept 

* The sum of the interior angles of a polygon^ added to four right angles^ is equal 
to twice as many right angles as the figure has sides ^ 

As an exterior angle is the difference between the interior angle and 360®, it 
matters not whether the 'exterior' or 'interior' angles are measured and re- 
corded. 

If 'exterior' angles have been recorded, then the precept assumes the 
following form. 

* The sum of the exterior angles of a polygon^ diminished by four right angles, is 
equal to twice as many right angles as the figure has sides! 

The surveyor having measured all the 'interior' or 'exterior' angles of a 
polygon, is at once in a position to test the accuracy of this portion of his work, 
by simple addition. The conditions under which it is expedient to measure 
'exterior' and 'interior' angles respectively, and the limit of permissible error 
in summation will be discussed later on. 
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In the methods of surveying hitherto described, the yarious 

T***^*"*" points have been laid down on paper, by the intersection of the 

lat. and Dep. ^^^ which form the network of triangles into which the survey 

is divided, or of arcs struck with these lines as radii. Minor 

points, however, have been fixed by ' offsets ' at right angles to the principal 

survey lines. The method of plotting a polygon on paper with protractor and 

scale, is at all times one of indifferent accuracy, and when the survey is so 

extensive that it cannot be plotted on a single sheet of paper of reasonable size, 

some more scientific method, obviating the use of the protractor, must be intro* 

duced. 




iai-r^ 



riG. 66. 

To this end, the method of 'plotting by co-ordinates' is adopted in extensive 
surveys. 

liiis system will be readily understood by the consideration of a method 
of surveying plots, practised in some countries. 

A straight line O N (fig. (>(>) is ranged through the middle of the plot, joining 
some already determined points. Perpendiculars are laid off by a cross-staff or 
optical square from this * primitive line of direction ' to the comers of the plot 
A B C D £ F. The intersections of these perpendiculars with O N are marked at 
tfi/i h^ /| c^ and d^ and the distances O a^, O/i, O ^i, O tx, O r^, O ^i, are succes- 
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sively measured. Then the perpendiculars a^ A,/ F, b^ B, e^ E, e^ C, d^ D, are 
measured. Full data for plotting the survey are thus available. Each point, D 
for example, may be plotted independently by laying oflf O d^ along O N and d^ D 
at right angles to O N, and so on, with the other points on O N. The sides of 
the figure are then laid down by joining the several points. If the actual lengths 
of the sides A B, B C, &c., from point to point were measured, a check on the accu- 
racy of the work could be obtained by comparing the lengths of the sides scaled 
off the plan, with the measurements made in the field, or more accurately, by 
computing the distances between the points from the original data, and compare 
ing measured distances. 

Prolong the several perpendiculars A a^^ B 3^, &c. (as shown in fig. 66) and 
draw Imes parallel to O N through the angles of the polygon A, B, C, D, E, F. 
Then all the triangles A a^ B, B b^ C, &c., are right-angled, and are further equal 
to the complementary triangles A ^j B, B c^ C, &c., consequently by the property 
of right-angled triangles, 

A B = VA^' + ^B» or jK^^'+b^ B«, 
BC = ^BV + ^2C^^r /s/B^ + ^aC. 

The line O N instead of being a line joining two known pomts, may be a true 
north and south line, running through one known point such as O, and in what 
follows ' the primitive line of direction ' will be assumed to be * /j true north and 
south line.* It is desirable, but not necessary that this should be the case, the 
nomenclature being thereby simplified. 

Tht*Meridimn« '^^^ 'primitive line of direction' will be called the *meri- 

of a Travene dian.' 

Burviy. The * one known point ' will be called the * origin.' The 

• Origin.' distance measured along the meridian between the ' origin,' and 

• MOTJaiomJ *^^ intersection of a perpendicular drawn from any survey point, 
JHstanoe.'* will be called the ' meridional distance ' of that point 
•Perpendicular.* ^^^ length of the * perpendicular' from any survey point to 

the * meridian ' will be called the * perpendicular ' of that point. 
«c dinat » '^^^ * meridional distance ' and the 'perpendicular,' will be 

called the ' co-ordinates ' of that point 
Thus O ai is the ' meridional distance ' of A. Its ' perpendicular ' is A a^. 
O ^1 is the ' meridional distance,' and bi B the ' perpendicular ' of B and so on. 

The distance from point to point, measured along or 

•XMlTereBoe of parallel to the meridian, is called the * difference of latitude' of 

these two points. Thus, ^ ^| = A ^3 s a, B is the ' difference 

of latitude' between A and B. Similarly, b^^c^ = B r, = ^^ C is the 'difference 

jf latitude ' between B and C, and so forth for the remaining points. 

*D nart » '^^^ distance from point to point in a direction perpendicular 

to the meridian is called the * departure ' of these points. Thus 

>he 'departure' of B fiom A is A a, = ^3 B, that of C from B is B^, = C^„ 

uid so forth for the remaining points. 
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'Vortblsffi' "^^ Miflferences of latitude 'are called 'northings' or'south- 

aad'BoatbiBgt.' ings/ according to the direction in which they are taken. Thus 
if we proceed round the polygon ABCDEFinthe alphabetical 
order of the points, 



The * difference of latitude 


' A to B is a ' northing.' 


>i 


M 


B „ C „ 'northing.' 


»» 


» 


C „ D „ 'northing.' 


w 


l» 


D „ E „ ' southing.' 


•1 


M 


E „ F „ 'southing.' 


» 


>9 


F „ A „ 'southing.' 



Proceeding round in the opposite direction, A F £ D C B A those lines which 
were 'northings' in the first case, will be 'southings' and vice versA. ¥oi 
example A to F would now be a ' northing/ &a 
twmmn • Similarly with the ' departures.' Proceeding in alphabetical 

• W«^|L'"* ®'^^' ^ ^^^'^'^^ • 

* Departure ' A to B is a * westing.' 
„ B „ C „ 'westing.' 
„ C „ D „ 'easting.' 
„ D „ E „ 'easting.' 
„ E „ F „ 'westing.' 
„ F „ A „ 'westing.' 

Taking the points in inverse alphabetical order, the 'eastings' and 'westings' 
will be reversed as before. 

It is clear that if any figure be traversed, returning to the starting point TA€ 
Slim of t?u ^northings* is equal to the sum of the ^southrngs^ and the sum of the 

* eastings* is equal to the sum of the ' westings.* 

This precept affords a check on the lineal measurement of a polygon, no 
matter how the 'differences of latitude' and 'departures' have been obtained, 
whether by chain measurement or otherwise. 

The angle which any line makes with the ' selected meridian ' 

of a r!h!!^j ^' ^^ ^ ^^ parallel thereunto is called the 'bearing' of that 

line. The 'bearing' of A B is the anglers A B, of BC the angle 

C3 B C, and of C D the angle d^ C D, and so on. The 'bearing of a line' must 

not be confused with the ' azimuth of a line,' since the latter is the angle which a 

line makes with a ' true meridian ' passing through a point in it 

The length of a line and its ' bearing ' being known the ' difference' of latitude ' 
of its extremities, can be calculated trigonometrically. Thus in the figure, tbs 
triangle A ^, B is a right-angled triangle, the angle at b^ being the right angle. 
Then 

A^a = OaB 'diff. lat' between A and B = AB x cos <^8AB 

= A B X cos ' bearing,' 
and 

^,B - 'departure' B from A =ABxsin<3,AB 

• = A B X sin ' bearing.' • 

H 2 
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Similarly^ 

^1 G s B^ B ' diff. lat' between B and C = B C X cos < r, B C 
' = B C X cos * bearing/ 

and ^3 C s: B ^2 s= ' departure.' 

Ilie method of determining 'bearings' will be described after their practical 
notation has been discussed 

From the above it is evident, that there are complete checks on the accuracy, 
of both the linear and angular measurements, of a survey of any close polygon, 
which may be summarised as follows. 

The sum of the ' interior ' armies augmented by four right ang^ is equal to twice 
as many right angles as the figure has sides. 

The sum of the ' exterior ' angles diminished by four right an^ is equal to tzviee 
as many right angles as the figure has sides. 

The sum of the ^ differences of laHtude^ being* northings ^ is equal to the sum of 
those which are ' southings.^ The sum of the ' departures ' being ' eastings ' is equal to 
the sum of those which are * westings* Or more briefly, 

The sum of the * northings ' is equal to the sum of the ' southings^ and the sum of 
the • eastings* to the sum of the * westings* 

Before proceeding to discuss the method by which the 

^^^^^ * bearings' of lines may be observed directly, or deduced from 

jy^^^m^ angles, it is desirable to define the notation used in writing 

them down. Two systems of notation are in vogue, namely, 

the ' whole circle,' and the ' four quadrant ' or ' reduced bearing,' notation. 

The surveyor treats angles and trigonometrical functions somewhat differently 



90^ 



tto: 




asD^ 



20O*» 



FIG. 67. 




from the manner b which they are dealt with in text-books of trigonometry. 
In trigonometrical works, angles and trigonometrical functions are measured round 
from the right to the left, or in the direction opposite to the hands of the dock 
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(fig. 67). When surveying on the other hand, they axe assumed to flow from sero 
or 360^ commencing at the top or north of the circle, round with the hand9 
of the clock (fig. 68) and this is the manner in which modem theodolites are 
graduated. This alteration makes no difference in the value of the various 
trigonometrical functions, such as sine, cosine, &c. 

In the * whole circle ' method, * bearings ' commence at zero, 

or 360^, at the north, and are measured ' clockwise' round the 

whole circle thus. 



Xeihod. 



Cardinal Points. 
N. 
N.E. 
E. 
S.E. 
S. 
S.W. 

w. 

N.W. 



Whole Circle Bearings. 
Zero or 360** 
45" 

135' 
i8o» 

a 25' 

270" 

315° 



This system has the merit, that it coincides with the graduation of the 
modem theodolite aiid compass, and that the angle suffices, in itself, to determine 
the * bearing,' without reference to the cardinal points of the compass. Moreover^ 
9Xiy correctum has the same sign^ throughout the 
entire circle. Thus, suppose that the * bearings ' 
of a polygon were observed with a prismatic 
compass, graduated from o to 360^, as usual 
Suppose {vide fig. 69) that the magnetic north 
was 18** west of due north, then the magnetic 
'bearings' would be reduced to true 'bearings,' 
merely by deducting 18** from every observed 
'bearing.' If the deviation were 18® to east, 
then the correction would be added throughout 
Moreover, the 'whole circle bearings' may be 
easily computed, from observed 'interior' or 
'exterior' angles, by a simple rule to be given 
hereafter, and common to all cases. This is 
the system, therefore, that should be adopted 
universally. 

Unfortunately, most trigonometrical tables 
only give the functions of angles from o to 90^ 
(Shortrede's trigonometrical tables, and his 
traverse-tables are, as far as the writer knows, 
the only tables which have arguments from zero to 360% and unfortunately 
they are scarce.) Consequently, with ordinary tables, to obtain the sine or 
cosine of an angle greater than 90^, a preliminary calculation has to be made aa 
follows. 




riG. 69. 
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Referring to the diagram (fig. 70) lay off N O A ss y s any angle less than 
90**. Make < D ON = < N O A, produce D O and A O to B and C re- 
spectively. Then < C O S and < S O B are also equal to y. Join D A and 
C By cutting N S in £ and F respectively. 




Then DE = EA = CF = FB=fi:rXsiny, (where r = O A = the radius 
of the circle), and O E = O F = r cos y, and therefore cos y = cos (180 — y) 
= cos (180 + y) = cos (360 — y) and sin y = sin (180° — y) = sin (180° + y) 
= (sin 360 — y). 

Consequendy, there are four *• bearings,* on the whole circle system, whose ^nes 
and cosines have the same numerical value. 



<NOA=y 

< NO B= 180 -y. 

< N O C = 180 + y. 

< N O D =r 360 - y. 



Cos < N O A northing, and.sin easting. 
Cos < N O B southing, and sin easting. 
Cos < S O C southing, and sin westing. 
Cos < S O D northing, and sin westing. 
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Hence, when ordinary trigonometrical tables are used, a calculation has to be 
made as follows, before the sine and cosine can be taken out from the tables. 

For 'bearings' less than 90° enter tables, with 'bearing' direct 
„ ditto greater than 90° but less than 180**, with 180° — * bearing.' 
w ditto „ 180® „ „ 270, „ 'bearing' — 180°. 

„ ditto „ 270 „ „ 360, „ 360 -* bearing.' 

It is necessary to compute these auxiliary angles and to record them, before 
using the tables. 

To obviate this clerical labour the * Four-quadrant system' 
B **tM?»'*** of recording 'bearings' has been introduced, or at least has 
remained in use, notwithstanding its defects. In this system, 
the graduations of the circle are numbered from north to east, from north to 
west, from south to east, and from south to west : — 
Thus the bearing of 

A from O is called y N.K 
B „ O „ yS.K 
C H O ^ yS.W. 
D „ O ^ yN.W. 



'BedvMd 
Baaimgf.' 



'Bearings' thus written will be called 'reduced bearings,' 
which may be computed from the 'ordinary 'or 'whole circle 
bearings,' by the following rules. 
('Whole circle bearing' not greater than 90**. 
' (The angle stands, and is entered as N.E. 

('Whole circle bearing' greater than 90° but less than z8o^ 
' (Deduct 'bearing' from x8o^ and enter remainder as S.£. 

(' Whole circle bearing' greater than 180° but less than 270**. 
* (Deduct x8o° from ' bearing ' and enter remainder as S.W. 
(' Whole circle bearing ' greater than 270® but less than 360*. 
(Deduct 'bearing' from 360° and enter remainder as N.W. 
The sines and cosines of the ' reduced bearings,' thus found, may be looked 
out direct, from the ordinary trigonometrical tables. This is perhaps the sole 
merit of the ' four-quadrant system.' 

It has the following serious disadvantages, (i) In addition to the numbers 
representing the angles, the cardinal points of the compass have to be entered. 
(2) Any constant correction has opposite signs, in the first and third, and second 
and fourth quadrants, respectively. For example, supposing the magnetic bear* 
ings of O A, O B, had been observed by means of a compass (Fig 70), graduated 
(as is usual on board ship) into four quadrants. Supposing that the true north 
was 18^ east of the magnetic north, or in other words, the 'declination' of the 
needle were 18^ west, then, to find the true bearing from the magnetic bearings 

Deduct iS° from bearing of O A« 

Add „ to bearing of O B. 

Deduct „ from bearing of O C 

fdd „ to bearing of O D, 
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From the above it will be seen, that the correction changes sign in successive 
quadrants, and errors are, therefore, more probable than in the case of 'whole 
circle bearings,' where the correction has the same sign throughout the circle. 

Assuming that the angles of a polygon and the length of its 

Ixiog in sides have been measured, its form and size is determined, but 

q^, or in jjg position in space or connection with other polygons has not 

A^aoent \^^^X!i fixed If, however, the position of one' point be known, 

Polygon. and the angle which the line from that point to any other point 

in the polygon makes with the meridian, or with the side of 

any other polygon, be also known, then it is clear that all the points may be fixed 

in their true position with reference to the meridian, or that other polygon. For 

example, in the polygon A B C D E (fig. 71), let A be the known point, and the 

line Ni S^ the ' meridian,' or line parallel to the 'meridian,' then the 'bearing' of 

the line A B is known, and is represented by the angle Ni A B. The ' bearings ' of 

all the sides may be computed from this known ' bearing,' and from the observed 

' interior ' or * exterior ' angles. 

It is to be clearly understood, that as far as the plain geometry of the 
problem is concerned, it is a matter of indifference whether the line Nj A S, 
is a ' terrestrial meridian,' (that is a true north and south line through A), or a 
line parallel to a * terrestrial meridian,' or any selected ' meridian ' being a line 
between A and some other fixed point If, in any exceptional case, it be 
convenient to adopt some other line than the true north, the reasoning which 
follows remains imchanged. Through B, C, D, and £, draw N,, S,, N3, %^ 
N4, S4, N5, S5, all parallel to N| Si. Assume that ^^ 01^ ^^ cuigle Nj A B, the 
' bearing ' of A B, is given, and that the interior angles ^|, ^3, ^3, 0^, and ^5, have 
been measured. The ' bearings ' of the successive lines can now be calculated as 
follows. Nj Sa is parallel to N^ Si, therefore, ZNiABs ZABSy Deduct 
this from the ' interior ' Z A B C s ^a, the Z S, B C remains. DeductingZ S2 B C 
from 180*', the Z Nj B C = ^^j or the 'bearing' of the line B C remains. 
. Proceeding in a similar manner, the Z N3 C D a /Sg, Z N4 D £ s /S^, z. Ng 
£ A s )35 or the ^' whole circle bearings ' of the lines B C, C D, D E and £ A, 
may be succesavely computed. Finally, by using the last * interior ' angle ^1, 
the primitive Z Ni A B or )3i the 'bearing' of A B, will be obtained, pro- 
vided that the interior angles ^1, &c., sum correctly, and that the arithmetical 
operations have been correctly performed. In every case, the ' whole circle 
bearing' is measured from the north, roimd in the direction of the hands of the 
clock, as shown by the dotted arcs fi^ p^ ^^ '^^^ 'reduced bearings' are 
measured with the hands of the clock when in the first and third, or dexter 
quadrants, against them in the second and fourth, and are marked yi, y^ &c. 
Through A draw A b perpendicular to Ni Si and therefore to N, Sj &c. Similarly 
draw perpendiculars B r, C ^, D ^, and A a. 
Then 

^ B = A B cos yi as ' difference of latitude ' between A and & 
And 

A ^ = A B sin 71 s ^departure ' of B from A* 
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Similarly, 

^ C = B C cos ya = * difference of latitude ' between B and C. 

And 

B ^ = B C sin 72 = • departure ' of C from B. 

D </ = C D cos 73 = * difference of latitude ' between B and C, 

C // = C D sin 73 = * departure ' of D from C. 

And so on for the remaining points. 
Now in the present case the 

Diff. lat 3 B is a ' northing^ Dept. C </ is a * westing.' 

Dept A ^ is an ' easting.* Diff. lat. ^ £ is a * southing.' 

Diff. lat ^ C is a * southing.' Dept. D <f is a ' westing.' 

Dept B ^ is an ' easting.' Diff. lat. £ a is a ^ northing.' 

Diff. lat. df D is a ' southing.' Dept a A is a ' westing.' 

Now as the polygon is a closed one, evidently by the rule already laid down, 

' Northings ' ■ = * southings ' 

^ B, £ a = ^ C, ^ D, ^ E 

and Eastings = westings 

A ^, B ^ « ^ D, D ^, a A 

Moreover, the accuracy of the angular measurements may be checked in- 
dependently, by the preceding precept If, therefore, the angles be correct, 
or, if their error be inappreciable, then, if the 'northings' and 'southings,' 
' eastings ' and ' westings,' do not check, error is due to inaccuracy in linear 
measurement 

The calculation of ' differences of latitude ' and ' departures ' greatly facilitates 

plotting, and obviates the use of the protractor, and the points can be projected 

with scale, T-square, and set-square. The work can also be plotted more 

accurately than with any protractor. . Thus, the position of A and the north 

and south line Sj A Ni, being fixed on the paper, the draftsman draws the line 

Aabx perpendicular to Ni Si- He lays off A ^ equal to the ' departure ' ofB 

from A. Through b he draws N^ B S9 parallel to N^ A Si and lays off ^ B equal 

to ' difference latitude,' thus fixing the point B. If his work be correct, then the 

distance A B as scaled on plan, must be equal to the measured distance A B. 

To project the point C he lays off A ^ (easting) s A ^, B r (eastings). Draws 

N, C Sj and sets off C « « ^ B (northing), c C (southing), and so on. 

Bouttne in From the above it is easy to see that 'bearings' may be 

mMumNment computed from angles, but it is well to adopt a routine in the 

of Angles, and measurement of angles, and in their reduction to 'bearings,' so 

^^'^™'* as to avoid the necessity for thinking out each case, and to 

avoid as far as possible, the process of subtraction. 

Referring again to the diagram (fig. 71)1 it will be seen that with a theodolite 

graduated as usual, if the observer plants his instrument at A, and with the 
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vernier set at zero, directs the telescope to £, and after clamping the lower plate, 
turns to intersect B, the angle recorded will he the * exterior^ angle of the polygon. 
Similarly, if he sets up the instrument at B, and with the index at zero, directs the 
telescope at A, and then turns to Q he will also record an ' exterior^ angle, and so 
on at the other station-points. 

If, on the other hand, he placed his instrument at A, and with the index at 
zero, pointed the telescope to B, and then turned it to £, he would record the 
* interior^ angle of the polygon. Similarly at E, F, and other points. 

Hence it is apparent that if the telescope is directed with index at zero, to 
the back station first, and then turned to ihe: forward station, ^ exterior^ angles 
will he measured, when proceeding round the polygon with the sun or the hands 
of the clocks and ' interior^ when proceeding against the sun or the hands of the 
clock. 

If the student will work out the ' hearings ' from angles in any polygon, in 
different ways, he will find that addition or subtraction will be involved, according 
' to the direction in which the computation is made, and according as ' exterior ' or 
' interior ' angles are used. It is expedient to avoid, as &r as possible, subtraetum in 
all calculations, but especially when dealing with angular measure. He will also 
find that by adhering to the following rules, subtraction of minutes and seconds, 
at least, may be avoided, and the desired result ivill be attained, irrespective of 
the £act that the angles measured are * exterior ' or * interior ' angles. 

With the index set at nero^ direct the telescope to the hack station firsts then turn 
it to the forward station. 

Tabulate the angles^ in the order in which they are observed. 

Then compute ' bearings ' as follows. 

To the known bearings add the angle between the side to which it refers^ and the 
next side. 

If the sum be less than iSo**, add i8o° to it. 

If the sum be more than i8o°, deduct iSo° from it^ and if the difference be still 
more than 360®, deduct ^60^ from it. 

The result will be the bearing of the new side. 

Thus, referring to diagram. If the surveyor worked in the direction A, B, C, 
&c., that is, with the sun, he would record ^exterior* angles, tfj, B^ tfj, &c. 
Assuming )9| the * bearing ' of A B known. Then as Nj Si is parallel to N, S,, the 
ZNjABss ^SjBA. Adding the ' exterior' angle 0^ we have the angle S 
(A Nj) C. Deducting 180° we have Nj B C the desired * bearing.' 

If he proceeded in the direction A, E, D, &c., or against the sun, he would 
record ' interior ' angles, but the method of calculation would be precisely the 
same. 

Every line has two ' bearings,' according to the extremity at which the observer 
s supposed to be stationed. Thus, in the diagram (fig. 71), the bearing of B from 
A is N| A Bi, but the bearing of A from B is the angle N, B A measured round 
in the direction of the hands of the clock, or 180^ + Nj A B, which may be 
called the * back bearing' of the line A B. Hence if the polygon were observed 
and computed in the direction A, £, D, &c., or against the sun, then the ' bearing ' 
of A from B, or 180^ + N| A B, must be taken as the ' primitive bearing.' 
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' Bearings ' may be measured directly in the field. Suppose 
that the surveyor were to place the theodolite at A (fig. 72). The 
direction of the ' prime meridian ' A N^ is known either by 
astronomical observation, or by the known 'bearing' of A from 
some distant object, and consequendy the known ' back bearing ' 
of that object from A. 

Now with the horizontal limb and vernier plate clamped to zero, bring the 
telescope in the plane of the meridian, with the object-glass to the north. Then 
clamp the horizontal limb, and unclamp the vernier plate directing the telescope to 
the point B, and bisecting it with the cross hairs. The * bearing ' of the line A B 
will now be read off by the vernier (originally at zero). 

Keeping the vernier plate and horizontal limb clamped together, but loosening 
the lower clamp, let the instrument be removed and set up at B. Then without 
changing the position of the vernier let the telescope be directed to A, and the 
lower damp made &st. 




*70^/ 



no. 7^ 



Now since Z O^ A B is = Z Og B A, the zero fine of the instrument S, N, 
is parallel to N^ Sj, so that releasing the vernier plate, and turning the telescope 
till the vernier again reads zen>, the axis of the telescope will be parallel to 
the original meridian Nj Sj, but the telescope will now point to the south. If 
it be fiirther turned, until the cross wires bisect the point C, the bearing of C 
from B augmented by x8o° will be read off. 

Proceeding in the same way at the point C, the object-glass of the telescope, 
when the vernier is at zero, will point, to the north again, and the ' true bearing ' of 
C D will be read off. Thus the ' meridian ' is carried forward mechanically, the 
* bearings ' being, at alternate stations, the ' true hearing* and the ' bearing augmented 
by i8o^' When the starting point A is reached, and the instrument set up at it, 
^en, on setting the index to zero, the telescope should be again in the plane of 
the meridian, the object-glass pointing either north or south, according as the 
number of sides is odd or even. On turning the telescope to B, and intersecting- 
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the point the original bearing of A B or the bearing A B ± i8o* should be 
again observed. 

Hitherto, the problem has been discussed on the supposition that the theodolite 
has but one index or vernier. Most theodolites have two, placed at i8o° apart, 
and marked A and B, some have three spaced 120^ apart With the two-vernier 
theodolite, therefore, the surveyor has only to read the degrees, alternately, on A 
and B vernier. A glance at the compass-needle, indeed a little common sense, 
will leave no doubt as to the proper angle to be recorded 

If a three-vernier theodolite be used, greater care is necessary. The same 
vernier must always be used for reading the degrees, and z8o^ must be added or 
subtracted as the case requires. If, by accident one of the other verniers is used, 
then the bearing will be in error by 60®, or 120°. This great error will not be 
detected on closing, since the reading only is incorrect and the acHuU angle 
between the axis of the telescope and the 360° — 180° line on the limb, is me- 
chanically, and correctly, fixed When, therefore, the instrument is set up at the 
following station, it will be correctly oriented in the meridian, and provided that 
the proper vernier be now used, the next * bearing ' will be correctly recorded 
The recorded ' bearings ' will give no clue to the error, which will only be dis- 
covered after computation or plotting. Even after it is discovered, the identification 
of the erroneous 'bearing' is not easy, the best plan being to take the 'bearings' 
again with the compass. When a three-vernier theodolite is used, the direct measure 
ment of * bearings ' is dangerous, in the hands of one not thoroughly experienced* 
. _ . The relative merits of * direct bearing ' measurement, and of 

of * Direct- computation of * bearings from * included angles,' may be sum- 

Bearing marised thus. 

Xethod,' and i. The effect of ^defective centering^ and ^ incorrect bisecHcn 

eomp«tatioiL ^ ^^-^^ jg common to both. In one case it is detected 
firoDi InolUiLeQ 
Anfflee.' ^^ summation, m the other, by the difference between the 

' primitive bearing ' and ' the second determination of the bear- 
ing' of the same line, after completing the polygon. 

3. The ' direct-bearing method,' eliminates grcultiaHon and reading^rrors to a 
great extent The parallelism of the successive ' meridians,' is secured mechani- 
cally, so that an error in reading a ' bearing,' only affects the side to which it 
refers, and is not carried forward to the other sides. • 

3. When ' included angles ' are measured, all errors are carried forward, so 
that \h!^ final dosing error in summation, includes all errors. 

From the above it is evident that the closing error in the 'direct method' may 
be anticipated to be less, than in the case of ' included angles.' The fact that an 
error in reading one bearing does not affect the closure and so disclose itself is, 
however, a defect of the ' direct measurement ' system. Let us suppose that an 
error of 30 mins., or i^ or even more, has been made in reading off a 'bearing.* 
A prudent surveyor would of course verify the reading of the verniers, when he 
has set up at a new station, and bisected the back station, to see that the plates 
have not $lipjped, or that he has not moved them by accidentally touching the 
wrong tangent screw, but his mind, being more occupied with the minutes and 
seconds than with the d^ees, it is quite possible (especially when tired after a 
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long day's woik) that he might overlook an error of 30 mins., or a whole degree 
or more, whilst the odd minutes and seconds, were correctly entered. This error 
will not be detected in closing the angtdar work, but will affect the result of the 
final calculation of ordinates. Now if the side which the error affects is short, the 
effect on the summation of the ' northings,' ' southings,' ' eastings,' and ' westings,' 
may be within the limits of permissible errors, and will therefore be distributed 
over the several points, and otherwise good work, will be more or less vitiated, 
on account of an error in recording the angular measurement of one side only. 

If the side affected be long, then there will be a large dosing error^ in the sum- 
mation of ' northings,' ' southings,' ' eastings ' and ' westings.' As the angles closed 
correctly, they will not be suspected, and the error will probably be attributed 
to defective linear measurement, and time may be lost in re»measuring the lines. 

This cannot take place when ' included angles ' are measured. Their sum- 
mation includes all errors in angular measurement, from whatever cause. 

Direct measurement of ' bearings' gives great facility for checking the work 
at intermediate points, during its progress. If, when observing at A (fig. 71), the 
• bearing' of A E were read, then on reaching E, the * bearing' of A from E would 
be read, and should be the same as that originally observed firom A + or — 180^ 
as the case may be. 

From the above it will be seen, that in the hands of a competent surveyor, 
the 'direct method' is convenient, and may be safely employed. If, on the 
other hand, as often happens in extensive surveys, the work has to be deputed 
to less responsible and competent persons, then the measurement of included 
angles is the most reliable, on account of the complete check which it affords. 
Finally, if a high degree of accuracy in angular measurements is required, then 
the 'included angle' system is to be preferred, on account of the difficulty of 
' reiteration ' or * repetition ' (vide p. 191) with the * direct method.' 

The linear measurements with their offsets should be re- 
ndd-Book. corded, exactly as in chain-surveying. The angles, or bearings, 
if measured directly, may be noted in the margin of the hodk 
against the sides to which they refer. 
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It is, however, advisable to enter in the field-book,. on a separate page and 
in a tabular form, the angles and total length of the station-lines, so that the 
angles may be added up as soon as the whole are measured. The surveyor 
will then have all the information required for computation under his eye, with- 
out having to lose time in turning over the leaves of a field-book containing much 
detail distributed over a considerable space. 
The preceding table is a convenient form. 
CompatatioB of "^^ surveyor having completed his outdoor work, next 

' LatitndM * and proceeds to compute the ' latitudes ' and ' departures.' To this 
*Dep«tiirei.* gQ^ he enters the data from his field-book, in a tabular form, 
« Travom called the * traverse sheet' Table A, shows such a form. The 

^^^^ figures therein, refer to the ideal polygon shown in Fig. 71. It 

is here assumed that he has worked round the polygon, in the direction of the 
hands of the clock, and consequently has measured exterior angles. 

In the first column he enters the reference letters of the several points in 
proper order. 

In the second column, he enters the exterior angles of the polygon, pro- 
ceeding round as with the hands of the clock, each entry being made opposite 
the letter indicating the point at which it was measured. 

In the third column, he enters the bearing of point B from point A, (which is 
assumed to be given), inscribing it opposite the letter A, and thus indicating the 
point of origin of the line A B* He then computes the bearing of C from B, 
and enters it on the line opposite B. Proceeding in this way he ultimately 
computes, and enters agamst £, the bearing of £ A, completing the polygon. 
Lastly as a check, he applies to the bearing of £ A, the angle measured at A, and 
if the sununation of the angles is correct, he will find that, unless an arithmetical 
error has occurred, the original bearing of B from A will be obtained If, 
however, the summation be incorrect, he would obtain a value of the bearing 
of A B, differing from the original, or given value of the same, by an amount 
equal to the error in summation. 

The ' whole circle bearings ' being correctly calculated, the 

fjjj'j^*'^ •' * reduced bearings' are computed by the rules above given, and 

m^^yig^t each bearing, whether 'whole circle ' or * reduced,' is entered 

opposite to the letter indicating the starting point of the line 

to which it refers. Thus the bearing A B is entered opposite A, of B C opposite 

B, &C. The points of the compass are entered in column five, the 'distances' 

in column six, each opposite the starting point of the line, thus the distance A B 

is inscribed opposite A, and so on, and lastly the sides A B, B C, &c., in column 

seven. 

The traverse sheet is now 'set up.' The next step is to compute the 
'latitudes' and 'departures,' by multiplying the natural cosine of the 'reduced 
bearing,' by the distance, for 'latitude,' and the natural sine by the same, for 
'departure.' The products are then entered in the columns provided for the 
purpose. £ach 'latitude' or 'departure' is entered against the distance to 
which it refers. The ' difiference of latitude ' and ' departure ' from A to B come 
.opposite the letter. A*. . . . 
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Finally, the 'northings/ 'southings,' 'eastings,' and 'westmgs,' are added, and 
as the polygon in question is an ideally perfect one, the sum of the ' northings ' is 
exactly equal to the sum of the ' southings,' that of the ' eastings' to that of the 
' westings,' but this absolute accuracy in summation cannot be expected in practice. 
The 'angles ' of the polygon shown in fig. 71 and the 'bearings,' &c., entered in 
Tables A and B, were obtained by calculation, from assumed positions of the 
points. 

If a table of natural sines be used, the process known as ' lightening ' or 
'reduced' multiplication will be found quick and convenient, as the number of 
figures is thereby greatly lessened. 

The 'latitudes' and 'departures' may also be computed by logarithms. 
Unless, however, the sides are very long and the highest accuracy is required, 
little or no time is saved by their use. An example of a convenieat form of 
logarithmic computation will be given in the chapter on ' Minor Tnangulation.' 
■ .. 'Traverse tables' are simply tables of natural sines and 

cosines, multiplied by nimibers from i to xo, as in Boileau's 
tables, or firom i to 100 as in those by Shortrede. The computation is thus 
reduced to addition. Since fiill directions for use are given in the introductions 
to these tables, it is unnecessary to describe them here. 

Table B, refers to the same polygon, but assumes that the surveyor started from 
B and proceeded round the polygon, against the hands of the clock, measuring 
therefore ^ interior^ angles. It will be seen that the 'whole circle bearings' in 
Table B differ by 180° from those in Table A, as calculated by general precept 
given above. In other words, the 'fore-bearings' in one, are the 'back-bearings' 
of the other. The angles of the ' reduced bearings ' in both are identical, but the 
cardinal letters are inverted, N becoming S, E becoming W, and vice versd 
The numerical values of the ' latitudes' and 'departures' are the same, but their 
names are reversed. The summation is of course the same in both instances. 

Having computed the ' latitudes ' and ' departures,' it will 

trffffH^tnatftf fsicili^te plotting to proceed a step further, and compute the 

' co-ordinates ' of the several points, from a common point of 

■'origin.' In other words, the 'meridional differences and perpendiculars' as 

already defined. 

In Table A, it is assumed that the point A is known and fixed. We may 
therefore compute the distances north of B, C, D, and £, or souths east^ or wcst^ 
of A. 

It is, however, convenient to assume a point of ' origin,' such that all the points 
of the polygon fall in one quadrant, and, therefore, that the co-ordinates are 
either all ' northings ' or ' southings,' ' eastings ' or ' westings,' as the case may be. 

In fig. 7 1 and Table A, it has consequently been assumed that the point of 
' origin ' O is 5000 feet south, and 400 feet west of A. In other words, that 
the 'meridionsd distance' of A is 5000 feet ^north^ and its 'perpendicular,' 
400 feet ^east^ These numbers are inscribed opposite A in the column of co- 
ordinates. The ' meridional distance ' of B is obtained by oddity the ' northing ' 
from A to B (which is inscribed against A), to the ' meridional distance ' of A. 
The sum is inscribed in the line opposite B. The ' meridional distance ' of C is 
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obtained by dediuting the * southing ' C to B, from the co-ordinate of B, already 
found, and so on, adding or deducting as the case may be, until the * meridional 
distance * of the last point C is determined and inscribed opposite to that letter. 
Applying to this the * difference of latitude ' C to A (also inscribed against C), the 
original * meridional distance ^ of A will be found, if the arithmetic be correct. 

If the summation of the * northings,* * southings,' * eastings,' and * westings,' be 
not correct, the second value of the co-ordinates of the starting point, would differ 
from the first, by the error in summation. Similarly, for the perpendiculars. 

In Table B, the co-ordinates of the same points are all computed as * south- 
ings ' and * westings.' In this case, the origin P (fig. 7 1) is supposed to be 4201 • 9 
east, and 917*5 north of B. Or in other words, the ' meridional distance ' of B 
^s 9^7 * 5 south, and its ' perpendicular ' 4201 * 9 west. 

The operation of plotting a polygon, once the co-ordinates 
GoH^^tes ^^ ^^ points in it have been computed, is simple. For ex- 
ample, to plot the polygon shown in fig. 71. Assuming any 
convenient position for O. Draw a line through it to represent the meridian, or 
a line parallel to the same. Along this line set off O a, the ' meridional distance ' 
of A. Through the point * a ' draw a line at right angles to the meridian, and 
make it equal to the * perpendicular ' of A. The point A will thus be plotted. 
In the same manner for the other points. The check on the accuracy of the 
plotting is that the distances between the points on the paper, as plotted, should 
agree very nearly with the actual measured distances as recorded on the traverse 
sheet 

The expression * very nearly,' is used advisedly. Hitherto we have been 
considering an absolutely perfect polygon, in which the error is ^ nil.' In practice, 
the * latitudes ' and * departures ' will rarely sum correctly. They must be corrected 
before plotting, indeed before the computation of the co-ordinates. If incorrect, 
the primitive starting point would not be obtained as described. Now the cor- 
rection of the ' latitudes ' and * departures ' alters the length of the line joining 
the points to which they refer. Consequently, in a corrected polygon^ the distances 
between the points on the paper will not coincide mathematically with the 
distances measured in the field. If the work be good, however, the difference 
in the length of any one side should be so small as to be inappreciable with scale 
and compass. In practice, the check is complete. 

If the points to be plotted are numerous, it will be con- 

^^fatft venient to commence by dividing the sheet of paper, on which 

MvuM. ^® survey is to be plotted, into squares. The sides of these 

squares should represent to the scale of the plan, a round 

number of f«et, links, or such other unit, as may be used. They should not 

exceed 6 inches on the side, so that each point may be plotted, within the 

appropriate square, by means of a scale of convenient length, or within the span 

of a pair of ordinary dividers. For example, if the survey were to be plotted 

to the scale of -^^^y the squares might be o* 2 feet, each representing 500 feet 

These squares should be set off with all possible accuracy, not trustin;^ to any 
set square, parallel ruler, or T-square, but using only the beam compass or 
trammel, and a good straight-edge. The right angle should be set out by 

I 
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intersecting arcs. The number of squares in length and breadth should, if 
practicable, be a power of 2, 4, 8, 16, 32, &c By setting off the full length, 
from a standard scale, the intermediate points may be obtained by contmual 
bisection (the most rapid and accurate method of subdivision). 

The squares should be drawn at first not b pencil, but in faint cannine red 
lines, the pen being more accurate than the pencil They should be carefully 
checked by stepping, and also by diagonab. The diagonal to the sides of three 
and four squares, should be exactly equal to five divisions. When the squares 
are drawn correctly they may be inked in with Indian ink, any erroneous red 
lines being easily eflbced either with the ink-eraser, or with a wash of ' chloride 
of lime.' Finally, the points may be plotted by means of a short scale, each 
within the square in which it occurs. 

An example of an actual traverse survey, with its traverse sheets, is here 
given ifjide plate a), and the 'field-book' for it on pages 115 to 138. The 
student is recommended to plot this example himself, taking a new ' assumed 
bearing,' say 80^, for the line H I and recomputing the co-ordinates. (For the 
corrections, vide ' Adjustment of Final Errors,' p. 151.) 
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The division of the paper into squares, practically renders the surveyor 
independent of the expansion and contraction, due to alterations of tempera- 
ture, and of the moisture of the air. Paper absorbs moisture freely, expanding 
with moisture, and contracting on drying, very considerably. Moreover, the rate 
of expansion or contraction is not by any means constant in every direction. 
If a square or rectangle were laid out on a sheet of paper in moderately damp 
weather, it would not be foimd to be either the one or the other after a spell of 
dry weather. 

The error, or deformation, in each small square, is insignificant compared with 
the distortion of the whole sheet. Even if the change in length of an individual 
square be perceptible, the error can be eliminated by distributing it on applying 
the scale. When, however, the squares do not exceed about 3 inches, the error 
in each will not exceed the smallest amount that can be appreciated with an 
ordinary scale. 

If, at any time, serious distortion takes place, perhaps owing to exposure to 
sun in checking on the ground, or in fiUing-in detail with the plane-table, the 
squares afford a ready means of restoring the plan to correctness. It is only 
necessary to prepare a fresh sheet of paper with correctly drawn squares, and to 
copy into each, the detail which it contains. Lastly, the squares add materially 
to the value of the finished plan, for they afford a means of 4aking out areas and 
measuring long distances, with greater accuracy than is possible with the short 
scales usually inscribed on plans. To take out an area, it is merely necessary to 
count the number of squares which approximately coincide with the figure, and 
to measure the fiacdonal parts of squares, by which they are in defect or excess 
of the desired figure. The areas of the squares themselves, are independent 
of expansion or contraction. The only part liable to error, is the relatively 
small proportion of the whole area, comprised in the fractional parts of the 
squares. 

The area of the North field of the traverse survey above referred to (marked 
A) has been calculated by this method, and the result is given in the table on 
p. 144. The outline of the field and the squares have been reproduced for clear- 
ness in fig. 73. The dotted lines show where the boundaries have been 
' equalised,' whilst some of the dimensions measured, and recorded in the table, 
have been marked on the figure for reference. 

Traverse-surveys may also be plotted by means of a pro- 

notting by tractor, direct from the field-book. 
m^^nM of ft 

Protnetor. ^' '^® "^^®^ efficient protractor for the purpose is that known 

as Hewlett's, or others on the same principle. 
The construction and use of this protractor is fully illustrated by the drawing, 

(fig- 74). 

a. Another method is to fix to the paper (with its zero and 180° points, 
accurately in the meridian), a circular protractor with two arms (fig. 75), carrying 
pricking points placed at opposite extremities of a diameter. Then to prick off 
and number several pairs of points, the lines joining each pair, representing one 
bearing. These lines all pass through the centre of the protractor. After a 
sufficient number of pairs of points have been pricked off, the protractor is 



Digitized by 



Google 



140 



SURVEYING, 



removed, and the bearings are then transferred to their proper positions by means 
of a parallel ruler (as on fig. 76), and each distance is laid off. 

These circular protractors are usually provided with verniers, so that * bearings ' 
may be set off to single minutes or even less. 




If the sides of the polygon are numerous, care is required to ensure that the 
correct distance is applied to the proper side. The transference of the 'bearing* 
from the points pricked off, to the position of the line, involves the unavoidable 
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error of the parallel ruler, which is probably sufficient to neutralise the accuracy 
of the protractor. If the degree of accuracy desired, is such as to justify the 
employment of such a costly and cumbrous instrument as the circular protractor, 
with vernier and arms, time and labour would certainly be saved by the com- 
putation of co-ordinates. 

3. A somewhat similar process may be carried out by means of a cardboard 
protractor {;uide fig. 77). These can be procured with an internal diameter of about 
I a inches. The interior circle is cut out, leaving a ring. This is placed on the 

N 




FIG. 76. 

paper and secured by weights with zero and 180^ north and south, and in such a 
position as to include within the vacant circle, a considerable part of the work to 
be plotted. A parallel ruler, preferably one of the sliding sort, is placed with its 
edge cutting the desired 'bearing* and its 'co-bearing.' Thus, if the bearing to 
be laid off were 36° the ruler would be laid across from 36° to 216®. The ruler is 
then extended, and a parallel line is drawn through the point of origin of the line. 
The distance is then laid off, and a new parallel drawn to the next ' bearing/ 
without shifting the protractor, as long as the work remains within it 
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This method is convenient, when a complicated traverse has to he plotted to 
E small scale, such as 6 inches to i mile, so that a considerable amount of work 
is contained in the circle of the protractor. 

Cardboard protractors are often very accurate, and do not, as a rule, appear 
to be liable to distortion by variations in temperature and moisture. 

The writer has, however, seen exceptions to this rule. A new cardboard 
protractor, imported into India from a leading instrument maker, was found to be 

*\ 



'<^ 



I •' ' / / / /^ 1 


V / / / 


/ y 1 



FIG. 77. 

so erroneous as to be useless. It is well, therefore, to check a new cardboard 
protractor (especially in the tropics), by stepping with the dividers, before using it 
A parchment paper protractor is often preferred to the above. 

When plotting to small scales, and if great accuracy is not aimed at, an 
ordinary 6-inch protractor may be used, with a paralld ruler to transfer the 
'bearings.' 
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Calculation of thr Area of Field A, using Squares.^ 











Area. 




Sign. 


^f umber of 
Square. 


Figure. 
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Surveys, should not be plotted on paper mounted on a 

^iMta. ^^ t ^^^^^» ^^' *^^ distortion which takes place on cutting off is very 

moiiBt«d p^per. S'^^^ ^ many kinds of good paper, such as Whatman's, are, 

in their original condition, so much buckled as to make accurate 
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work difficult, the writer has found it convenient to flatten the paper before using 
it To this end a number of sheets are mounted on a drawing board, one above 
the other, by moistening and glueing down the edges in the usual manner. When 
dry, but not too dry, they are cut off and laid flat in a drawer and allowed to 
remain there for some weeks, till they have attained the average hygrometric 
condition of the air of the office. They remain smooth and flat, and are there- 
fore pleasant to work upon, and expand and contract in a fairly regular manner. 
If the details of a survey are to be filled in by the plane- 
wi^!?"?j*"^ table, the traverse or trigonometrical work should be plotted on 
TlMie Tabto. millboard, which should be clamped to the table, and not 
attached by glue or gum. Millboard expands and contracts 
fairly uniformly in all directions, so that if the distances are laid off from a 
scale of the same material, no inconvenience is experienced, even if the sheet be 
exposed to varying atmospheric conditions for several weeks. For plane-table 
work, the millboaxd should be of a grey or drab colour to avoid the fatigue to 
the eye i^iiich white paper causes. 

Good work can no doubt be done with the protractor, if 

^'""kIS**** ^^^ carefully used, with the disadvantage, however, that a 

YM&a^. dosing error which may be due to either incorrect field-work, 

or to errors in draftsmanship, cannot be located without going 

over the whole work again. 

The protractor can only be used safely by an experienced and thoroiighly 
trustworthy man. It cannot be entrusted to an ordinary draftsman, for should 
he force the traverse to close (and there is temptation to do so), his action could 
be only discovered by going over the whole of his work. Probably his delin- 
quency would not be discovered until the plan was finished. 

In extensive surveys, for reasons of economy, much of the work must be done 
by deputy, employing persons at low rates of pay, for operations of routine detail, 
leaving the head surveyor to exercise general supervision, and to conduct the most 
important and difficult operations. 

In such cases, and whenever really accurate work is desired, the method of 
co-ordinates alone is applicable, for it admits of positive check, at every stage of 
the work, even before plotting is commenced. 

The labour of computing the ' latitudes' and * departures' may seem serious, 
but with a little practice the office boy can do this as well as the most scientific 
surveyor, and perhaps even quicker and better. The surveyor has only to set up 
the traverse and hand it to the computer, whose work can be checked in a variety 
of ways, for instance, the last ^'side^ and ^ bearing^ might be omitted from the 
traverse sheet and introduced and computed by the surveyor himself. 

Another advantage of the method of co-ordinates is that several draftsmen can 
be employed simultaneously, in plotting and filling in. 

The traverse sheets and field-books can be distributed amongst several persons, 
who can work each on a separate sheet of paper. 

If, on the other hand, the protractor be used, it is convenient, and almost 
necessary, to have the whole plan laid down at once on a single sheet of paper. 
The risk of damage (by upsetting ink and the like) to a large plan, which must 

L 
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be worked on for a long time, is most serious. Again, all important plans, sacli 
as town plans, should be compared and checked on the ground, before publicatioo. 
Subdivision into numerous sheets facilitates this operation. 

Although the protractor cannot compare with co-ordinates as to accuracy and 
convenience of plotting, and should never be used on the main lines of important 
work, still it is a most useful appliance. It is often desirable to make a pre- 
liminary plot, as work progresses, to see how the work comes in. It may also be 
used for laying off bearings, taken to lateral points, at some distance from the main 
traverse, or angles taken with the pocket sextant, between the main line and 
objects beyond the proper distance of an ofiset It is, moreover, often con- 
venient to make a preliminary rough plot, for the purpose of ascertaining the best 
method of correcting errors, or of completing or extending the work, and for this 
purpose any good 6-inch, or 4-inch circular protractor, will suffice. 

In traverse-surveying, angular and linear measurements are 
fj^^lgj la combined. The d^ree of accuracy of the result will depend on 
aagvlAr and that of the least accurate of these two classes of measurement, 
UaMtf together fixing points in space. 

maMoremiiiti ^g ^ ^ ^^ instrument itself is concerned, angular measure- 

Mnipar6d. '■» ^ 

ments will, with ordinary care, be more accurate than linear 

measurement, as the following considerations will show. 

With the ordinary chain and arrows, the ground not being peculiarly favourable, 
an error of plus or minus one part in a thousand, would not be excessive. That 
is to say a distance of 1000 feet or links, as measured on the ground, might be 
anything from 999 feet or links, to looi imits. 

Now, an angle of x minute subtends at 1000 feet, a sine or tangent of 0*29 
feet. Suppose, to fix our ideas, the line were east and west 

Errors of chainment may displace the terminal point of the line by a foot east 
or west. An error of one minute in the ' bearing ' would only displace the same 
point by less than one-thu:d of a foot north and south. 

If, however, the direction of the line were determined, not by a linear and an 
angular measurement but by a second linear measurement of the same length as 
the first, and at right angles to it, the position of the terminal poiiit would be fixed 
within a square, having a side of 2 feet ( ± i). If fwo angular measures accurate 
to I minute were used, then the point would be fixed within a square having a 
side of o- 58 feet, ( ± 0-39). 

Now a good 4-inch theodolite, in proper adjustment, should by a single 
reading, determine an angle to within ± i minute. Such an instrument would 
therefore have a degree of accuracy three times greater than ordinary chaining, 
and equal to some of the more accurate methods of linear measurement, such as 
the long steel tape. 

So far, as to the power of the instrument itself. The manner 
XajuMT of of using it, must now be considered, and the influence of circum- 

^■■^ *^* stances extraneous to it, examined. The latter principally 

Thaoddlito to ^ . .•*.,. 

ot Moarato consist m accuracy of centenng at the pomt of observation, 

ObforvatioBS. and correct bisection of the points observed. 

The centre of the theodolite must be placed exactly, and 
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perpendicularly, above the centre of the point of observation, by means of the 
plumb-line. The shorter the distance to the point observed, the more import- 
ant is accurate centering. 

For example, let A, B, and C, be three points, for the sake of simplicity 
assumed to be in a straight line {vide iig. 78). Suppose that A B and B C 
each measure 100 feet Now suppose that the surveyor set up his theodolite 
not exactly over the point B, but at P, one-tenth of a foot from it, and in a 
direction perpendicular to A B C. He would measure the angle A P C. Then 

tanPAB = tanPCB = ^^ .-. Z P A B = Z P C B = 0° 3' 26" and the 

100 

angle A P C would read 180° 6' 52" instead of 180® o' o\ thus introducing an 

error of 6' 52". This is perhaps an extreme case, but it is one which might, with 

want of care, easily occur in a complicated 

survey, such as that of a town. 

Next, as to accuracy of bisection of 
the points observed to. It may not 
always be possible to see the actual peg ftg. 78 

maiking the station. Supposing that 

owing to a bush or an undulation of the ground, the surveyor at P could only 
see the top of a rod, held at A. A careless staff-man might hold it so that its 
summit was one-tenth a foot out of plumb, without the surveyor detecting it 
from the instrument This would at once introduce an error of 3' 26" in the 
observed angle. Or a similar error might be produced by holding the staff, not 
on the centre of the peg, but at the side of it 

It is therefore desirable that station-points be so placed that the peg itisetf 
is visible in the telescope of the theodolite when observing, so that the bottom, 
or point of the ranging rod, may be bisected. It is well to arrange the stations 
beforehand, so as to secure this condition, increasing if necessary their number. 

If, for any reason, the surveyor has to observe to the top of a rod of 
considerable length, then he should make sure that it is securely and accurately 
fixed, perpendicularly above the station-point, and made fast with guys or a 
pile of stones. To effect this he may use the plumb-line of the theodolite, 
holding it at arm's-length and making the rod coincide with it, in two directions, 
approximately at right angles to each other. A good plan in such cases, is to 
use a thick plumb-line with a heavy bob, suspended from a light tripod instead of 
a rod. The plumb-bob may be brought exactly over the point, and any oscillation, 
on account of wind, will not affect the top of the line to an appreciable extent 

In accurate surveys, where the distances are short (town surveys for example), 
ordinary rods should not be used. The very thickness of the rod, when a strong 
sun shines on one side of it, may introduce an appreciable error. There will 
be a tendency to direct the cross-hairs, not to the true middle of the rod, but 
rather towards the sunny side of it 

In such cases, the surveyor should observe to the point of a lead pencil, or 
arrow, held on the p^. or bolt, and a pencil mark, or a centre punch mark, should 
be made at the point at which it is held, to enable the theodolite to be set up 
exactly over the point observed to. 

L 2 
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As regards accuracy in reading angles. Unless the method employed in 
measuring distances is much more accurate than ordinary chaining, a single 
reading of one vernier, or at the outside the mean of two or three, will usually 
suffice. It is not worth while to spend time in repeating angles, or to use heavy 
and powerful theodolites. The readings should be taken with care, and booked 
to the smallest fraction of a d^;ree that can be rapidly read The seconds of 
arc can usually be eliminated, in correcting the angles or bearings. 

Accuracy in angular measurement is therefore to be attained rather by care 
in centering the instrument, and in bisecting the true point of observation, than 
by the use of large instruments, or by precision in reading to the last second 
of arc Inexperienced surveyors, finding a serious closing error, in their angular 
measurement, are but too apt to attribute it to a defect, in their instrument, 
rather than to their own want of care in regard to the above points. 

The surveyor will, as a rule, save time in the end by going 
round an intended traverse with two assistants carrying rods, 
p^;s, &c., and arranging and marking the station-points before 
commencing actual measurements. The points should be arranged so that, whilst 
coinciding (within the limits of moderate offsets) with the boundary of the area 
to be delineated, the sides should be as long as possible. 
If, for the purpose of determinating a crooked line, short 
sides are absolutely necessary, it is well to arrange the 
points so that the bearing of further sides can be de- 
termined independently of the short sides. 

Thus, if it be necessary to introduce the short sides 
B C, C D, D £, and £ F (fig. 79), in order to delineate a 
sharp bend in a road, it will be well to arrange so that 
the angles A B F and B F G can be observed as well as 
the angles A B C, B C D, C D E, D E F, and E F G, so 
that the bearing of F G and of the sides beyond it, can 
be determined by angles referring to the relatively long 
side B F, and therefore free from the possible accumu- 
lation of error in the angles at C, D, and E, which affect 
short sides. Still better, if the line B F can be chained, 
for the polygon B C D E F can then be treated as a 
subsidiary polygon. 

Station-points should be so placed that the theodolite 
can be easily set up over them, and so that the surveyor 
can read his instrument without interruption from traffic. 
For this reason, the middle of a road is not a desirable 
station-point 

It is most important to secure the 

permanency of station-marks, or at least 

to provide the means of finding them if taken up, or lost If 

the surveyor has not the means of marking his points in a 

permanent manner, for example, with substantial dressed stones, well-bedded, he 

will do well to establish the position of his station-points by means of measure- 
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ments to fixed and permanent objects, such as gate-posts, comers of buildings, 
jambs of doors, comers of steps and the like. £ach point should be determined 
by three measurements. In a country where walls abound it is convenient to 
mark points of reference on the wall with red paint, inscribing the distances on 
the wall thus {^oide fig. 80). 

The dots are marked at round distances from the station-point By holding 
the ring of the tape to the point marked 16, and the graduation 16 -t- 12 - 28 
to the point marked 12, and stretching the tape with an arrow held at the division 
16, the station-point can be accurately recovered. Marks made with iron-oxide 
paint, such as is used for ships' bottoms, are very permanent Such measurements 




pia 8a 



point 16 otv tap^ 



should be entered in the field-book with clear sketches, and notes. This itv- 
formation .will be found to be of the utmost value, should the surveyor have to 
verify his work, or if he wishes to extend his survey. P^gs and even nails 
driven into roads are fiir firom permanent, for boys will devote much energy 
to their removal 

Since, unless by accident, there is sure to be some error in 
the summation of angles, and of 'latitudes' and 'departures,' 
it will be well to examine the amount of error which is un- 
avoidable, and therefore permissible. 

The total error of closing, as shown by the summation of 
* latitudes' and 'departures' should not exceed the limit of permissible error, 
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proper to the appliances used for measuring, and to the character of the ground. 
This should be the case whether the angles have been corrected before com 
putation of * latitudes ' and * departures ' or not. Angular error obviously does 
not necessarily tend in the same direction as linear error. 

The limits of * permissible error' in chaining, have been discussed under the 
head of chain-surveying. 

It is here assumed that the * permissible error' in linear measure, means the 
error which is unavoidable in measuring with a given chain, an accurately known 
distance, such as that between two trigonometrical points, or between the ex- 
tremities of a base line, previously measured with some appliances of the greatest 
accuracy. Suppose that a distance of one mile were set out absolutely accurately, 
the chain measurement thereof might make the length 5385 feet or 5275 feet, 
without exceeding the prescribed ' limit of error' for ordinary chaining. But two 
successive measures with the same class of chain should not differ by 10 feet 
They should not differ by half that amount, though the mean of the two might be 
five feet from the truth. 

Some chaining errors are constant in direction, such as an error due to the 
incorrect length of the chain, but this would have no effect upon the closing of a 
polygon, provided that the same chain were used throughout What has to be 
considered is really the difference between two measurements, which should not 
certainly exceed one-half of the total ' permissible error.' This refers to an inde- 
pendent polygon, all sides being measured with the same appliance. Cases will 
occur where one side is measured with superior accuracy. For example, a 
traverse may connect two trigonometrical points. The distance between them, 
as determined trigonometrically, is probably accurate to i in 20,000 or less, and 
must be taken as correct The trigonometrical distance, forming one side of the 
polygon, the error must be wholly in the traverse-work. The full * permissible 
error' may therefore be applied to the traverse alone. 

The writer has observed that when an extensive closed traverse, including 
two trigonometrical points, had been * set up,' the closing error of the polygon, 
setting aside the trigonometrical points, that is to say, treating them as traverse^ 
points merely, might not be more than i in 5000. But when the traverse 
was divided into two polygons, with the trigonometrical distance as a common 
side, the error of each (as completed by the trigonometrical side, which must not 
be altered), was considerably greater, oflen nearly x in 1000. 

The difference between absolute 'permissible error,' and the 'permissible 
difference' between two measurements must not be lost sight of, though the ratio 
is not easy to determine. The writer has found that with fairly careful work, 
distances being measured with a 66-foot steel band, total closing errors of less 
than I in 2000 could be obtained with ease. 

The error in summation of angles, or angular error, must now be considered. 
The greater part of this will be due to errors of centering and bisection, which 
the surveyor has it in his power to reduce to a minimum. With an ordinary 
theodolite it is possible to read an angle to within ± 15" of arc If we 
take . therefore ± 25" as the total error from all causes, a margin of ± 10" 
will be allowed for centering and bisection errors, equivalent to a lateral 



Digitized by 



Google 



TRA VERSE SUR VE YING, 1 51 

displacement of object of nearly i inch in 500 feet, and therefore a liberal 
allowance for unavoidable errors, exterior to the instrument The average 
error of any one observation may be taken at ± 25". But this error will not be 
always in the same direction, but will, to some extent, tend to compensate each 
other. Consequently the total error must not be proportional to the nimiber of 
the sides. Probably, as in other matters of measurement, it will increase in 
proportion to the square root of the number of sides. 

Thus, the closing error of a polygon of four sides would be 

25" X V^ = 50". 
Of 9 sides 25" X V 9 = i' i5"« 
Of 100 sides 25 X s/ 100 = 4' 10", 

and so on. 

The regulations of the Indian Revenue Survey allow an error of z' in every five 
sides, without reference to the totals number of sides. This seems to be an undue 
d^iree of accuracy if the sides are few, and somewhat lax if they be numerous. 

In polygons of a moderate number of sides, surveyed with reasonable care, 
the total error will be so small as to require little or no systematic correction. 
The ' angles ' or ' bearings' may be first corrected, and often a judkious elimination 
of the seconds will suffice to bring about the desired result, taking the next highest 
or lowest minute, as the case requires. 

The final error in summation may be corrected by a judicious 
V^id Snon addition to, on deduction from, 'latitudes' and 'departures,' 
the corrections being in proportion to the lengths to which they 
are applied. 

Cases may however arise in which it is necessary to apply some more 
systematic method of correction. For example, the closing error of a long and 
complicated traverse may be quite within permissible limits, but yet so serious as 
to require careful correction, in such a manner as to reduce relative distortion to a 
minimum. Or, a long traverse, made by some rough method such as pacing and 
compass, and therefore having a serious closing error, may require correction in 
the best manner. 

It is capable of mathematical demonstration that, all things being alike subject 
to error, the most probable correction may be obtained by the following rule, viz. 

As the sum of all the distances is to each particular distance^ so is the total error 
in 'departure' to the correction of the corresponding 'departure,' each correction 
hdngso applied as to diminish the whole error in ' departure.' Proceed in the 
same way for the correction in ' latitude.' 

The demonstration of this rule, due to Bowditch, is given in a Treatise on the 
Adjustment of Observations, by T. W. Wright, B.A., New York, 1884. 

The attached diagram (fig. 81) and Table C, give an example of the application 
of this rule to a rough traverse, made with compass and pacing, in which the 
closmg error is large. The corrections for each side were measured graphically 
by the simple construction shown on the figure. 

In correcting by this method, both angles and sides are altered, the former 
perhaps unduly, considering that they are more likely to be correct than the sides. 
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Take the case of a side looo feet long, bearing east Further, suppose that the 
ratio of correction for latitude were i in sooo. The difference of latitude for 
this line would be zero, but the correction applied would be 0*5 of a foot altering^ 
the observed bearing by o^ i' 44" which exceeds the ' probable error ' of an angle. 

In accurate work, especially if the angular error be small and has been corrected 
before computation of ' latitudes ' and * departures,' it is better to adopt a method 
which alters the sides alone. 

Let a polygon ABCD£FGH have (fig. 82) a closing error such that when 
plotted the second position of A becomes A|. Join A A| and produce it to cut 
the opposite side of the polygon in X. Bisect A^ A in O. Then we may consider 
the polygon to be divided into two parts XCBAandXD£FGHA« If 
commencing from X, we replot the part X C B A enlarging each side in the ratio 
of X A to X O, without any alteration in the angles, the point O will be reached. 
In like manner in X D £ F G H A^, by drawing a similar figure, each side being 
diminished in the ratio X A, to X O, the point O will be reached. 

Some care must be taken in the selection of the line O X which may be called 





FIG. 82. FIG. 85, 

the ' axis of adjustment' For mstance the error of closure might place A^ nearly 
south of A, in which case the line A A| would not cut the polygon at alL 

Again, it may be that the axis of adjustment cuts off but a small part of the 
polygon, and is therefore short, thus necessitating a large percentage of correc* 
tion. 

To apply this principle practically, plot the polygon approximately with 
protractor and scale to a small scale. 

Lay off A B parallel to the meridian (fig. 83) to represent to some convenient 
but much larger scale, the error in latitude, and B C perpendicular to the same le- 
pnesenting error in departure. Join A C and bisect it in O. Then the line A C 
is parallel to the axis of adjustment, and measured on the scale used to lay off 
the errors in ' latitude ' and ' departure ' gives the total closing error, and A O or 
C O the closing correction. 

Next, with the parallel ruler, draw the axis of adjustment X Y (fig. 84) parallel 
to A C, in such a position as to get the greatest length for X Y. 

Inasmuch as the total closing error will be exceedingly small in comparisoo 
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with X Y it will be amply accurate to augment the sides in one portion, and 
diminish them in the other, in the proportion of X Y to the half closing error. 
The distance X Y may be scaled from the plot with sufficient precision. 

If the axis of correction falls mid-way between two points, the correction for 
the side between, must not be applied to the whole side, but to the diference of the 
two parts into which it is divided, and as though belonging to the larger part 

As this method involves no alteration of the angles, the 'latitudes' and 
' departures' will be proportionate to the corresponding distances. It is merely 
necessary to correct each of the ' latitudes ' and ' departures ' in the ratio that the 
sides would have been corrected, that is to say in the proportion of the length of 
the axis of adjustment, to the half closing error. The adjustment of the side, 
intersected by the axis, must be deduced from the proportion of the length of the 
side, to the difference of the parts into which it is divided. In most cases the 
correction will be a negligible quantity. 




ri6. £4. 



Table D, shows the results of this method, as applied to the rough traverse, 
already treated by Bowditch's method. 

Shortrede, in the introduction to his traverse tables, suggests the following 
method, in which the correction is made by altering the measured data, namely 
the sides and angles. The traverse is ' set up ' and the ' latitudes ' and ' depar- 
tures ' computed, direct from the field-book, without any previous correction. 

The difference of ' latitude' and of ' departure,' which a difference of i' in 
' bearing' would give, with a given length of side, is tabulated in a special table, 
( ' difference of latitude ' and ' departure ' for a variation of 10" at the middle of 
each degree, with distances from i to 100). 

With this, the angles are corrected so as to sum Correctly whilst giving a 
correction in the right direction. Next, the 'difference of latitude' and 'departure' 
for one foot of distance with each * bearing ' are tabulated. This done, any error 
remaining after the correction of the angles is eliminated by lengthening or 
diminishing the sides in due proportion. 
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This method is, as the writer admits, laborious, and unnecessarily elaborate, 
for most ordinary cases. 

If numerous abutting or interlacing polygons have to be surveyed it is well to 
defer final adjustment until the whole is complete, and then adjust all simultane- 
ously, in such a manner that the correction of the common part, is the same in 
each polygon. Thus if the district A B C D £ F G H (fig. 85) were divided into 
four parts by traverses meeting in a common 
point O, it would be prudent to defer final 
adjustment till the whole is finished. 

Then set up the exterior traverse A C £ G, 
and make temporarily the necessary correc- 
tions according to any rule. Next set up 
ABOE, BCDO, DEFO, FGHO, and 
carry into each the corrections already pro- 
posed for the sides, which are common to 
them, and the great polygon, correcting any 
remaining error by adjustment of the common 
sides of the minor polygons, (making the same '*®' *^ 

adjustment in each). 

The question of the strict adjustment of a number of interlacing polygcns, 
so as to arrive at the most probable result, is one of no small difficulty, and 
comes more properly within the scope of ' higher geodesy ' than for considera- 
tion in the present part of this treatise. These preceding remarks will, however, 
serve to indicate the precautions that the surveyor should take to prevent the 
inconvenient accumulations of errors which may occur when a survey is made 
by piecing individual portions together. The leading maxim is to work from 
the whole to the part 

When 'bearings' have been observed directly, or when they have been com- 
puted from imcorrected angles, a correction applied to one 'bearing' to make 
the angles sum correctly must be applied to all subsequent * bearings.' Thus, 
supposing that the final 'bearing' error of a polygon of 24 sides were 3' and 
that it is desired to correct this by altering the sixth, twelfth, and eighteenth 
angles, by adding or deducting one minute from each. Then the * bearings ' from 
station 24 to station 6 will stand, those from 6 to la would each be increased 
by one minute, from 12 to 18 by two minutes, and from 18 to 24 by three 
minutes. By altering one 'bearing' only, without carrying forward the alteration 
to all subsequent ' bearings,' no correction of the summation of * exterior ' or 
* interior ' angles is made, for the same quantity is added to one angle and 
deducted from the other. 

Hitherto traverses which form a * closed polygon ' have been 

ChMki on considered, and such cases will occur in surveys of estates, 

TraveriM, not xxy^p^^^ or parishes. Whenever practicable, the traverse should 

pJSLni.'* ^^ closed, so that there may be a full and complete proof of 

the accuracy of the work, a condition very properly demanded 

by the Governments of the principal colonies, for all surveys of grants of land. 

Cases will occur, however, in which it is impracticable to close the traverse. 
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For example, the survey of a long line of railroad, or a road through an unex- 
plored country, not previously mapped Or, in mapping a new country, there 
may be long traverses which will ultimately close, but only after many months' 
work. Such would be the case, in the survey of the coast line of an island. 
The traverse would only close, after one or more seasons' work. In the mean- 
time, some check is desirable, in order that any gross errors may be detected 
in time. 

In the first place it is prudent to have the main lines roughly check-chained. 
A chain should be used of different length to that employed by the surveyor. 
If he uses the Gunter's chain, the check-chain might be loo feet. Or better, the 
check-chain might be shortened so as to be, say only 99 links. This will prevent 
any bias. In a level country the perambulator might be used. By this means 
the surveyor will be sure that no gross error in chaining has been made. 

The sun and stars afford the means of checking the angular work. The 
* azimuth ' of any line, corrected for * convergence of the meridian^ hereafter treated 
of, should agree with the 'bearing' of the same, as obtained by 'angular 
measurement' 

The determination of ' latitudes' astronomically, does not afford an efficient 
check unless indeed the traverse is very extensive, for the surveyor will not, 
as a rule, have instruments capable of determining 'latitude' to within say 
10" of arc or about 1000 feet. 

A very efficient check may be obtained by observing the 'bearings' of con- 
spicuous objects, natural or artificial, both in the direction of the line, and on 
either side of it 

Thus suppose that the coast line (fig. 86) were to be surveyed. Commencing 
at A, and having erected good signals at the promontories B, and C, the surveyor 
determines the 'true meridian' astronomically. He sees, in addition to the 
signals B, and C, a conspicuous silk-cotton tree on the ridge to the left, a cocoa- 
nut tree near the shore in the bay, a- well-marked rock on the ridge which termi- 
nates on the promontory B, and a tree on the island to the eastward. He takes 
the ' true bearings ' of these objects and proceeds to traverse the coast line, till he 
approaches the cocoanut tree in the bay. He cannot indeed erect his theodolite 
over the tree, but he can range out a point in line between it and A, and place 
the theodolite there, within a few feet of the tree, making the position of the 
theodolite the terminal point of this section of the traverse. Next he observes 
to the silk-cotton tree, to A, to the island, and to the signal at B. The rock, 
and point C, are invisible. The back ' bearing ' to A, should coincide with the 
original 'bearing' taken from A. If the direct method of observing 'bearings' 
has been used, any error in angular measurement will be seen at a glance, and can 
be corrected. The 'distance' and 'bearing' of the cocoanut tree, from the sta- 
tion of the theodolite are noted. It is therefore evident that, the positions of the 
silk-cotton tree and the island are fixed, approximately. The traverse is pro- 
ceeded with until B is reached. At this point ' bearings ' are obtained to A, the 
silk-cotton tree, the cocoanut tree, the island, to station C, and to a new object, 
a palmiste tree. The rock cannot be distinguished. Suppose that the point B 
forms the termination of the day's work. The ' bearing ' of A from B should 
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coindde (± i8o°) with the bearing originally obtained from A» thus checking die 
angular work. Then the difference 'latitude' and 'departure' of the cocoanut 
tree and the point near it, where the theodolite stood, and of B may be computed. 
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and their approximate positions pricked off. Now with a protractor, lay off 
the ' bearings ' at A to the silk-cotton tree, the cocoanut tree, to C, the rock, and 
the island. Next at the point near the cocoanut tree, lay off the ' bearings ' taken 
there to fix the several points. Then at these points, draw the 'back bearings' 
observed at B. Their intersections should coincide with each other, and with 
the determination of the position of B by the traverse. If they do so with fair 
accuracy, the surveyor may rest assured that his work is consistent It is indeed 
affected by imavoidable error in chaining, but no gross undetected error can have 
taken place. 

Starting again from B, the correct ' bearing ' A B as observed from A may be 
used. The ' bearings ' of the traverse B C will then be independent of any slight 
errors that may have accumulated on the way thither. 

On reaching C, ' bearings ' will be obtained to A, B, the rock, the palmiste, to 
the new stations D, £, and F, and to the island, thus giving the means of check- 
ing future work, and a fairly accurate sketch plan of the coast will be produced, 
as the surveyor proceeds. On this, he should sketch in by eye, the general 
features of the country, and the ridge and valley lines. The different stations 
should be numbered and lettered, and distinctly referred to, in the field-book. 
This sketch will gready assist the final computation and adjustment of the 
traverses, an operation which may be deferred until the close of the working 
season. Then, the distances between the several points and their ordinates may 
be computed, and not merely laid off by protractor. The mean value of each point, 
as determined from different sources, may be taken as its approximate position. 
The subsidiary points, thus determined, will be of great value, for they assist 
in delineating topography, such as ridge and valley lines, &c. They will be most 
useful in laying out grants of land, and lastly they will be of great assistance in 
laying out a network of triangulation, when the value of property justifies so 
elaborate a method of surveying. 

In such work, it is hardly necessary to point out the im- 
Permaiiiiit portance of Ts\a;:^va!g permanently^ all the principal points of the 

"*"~* traverse, such as A, B, and C. They should be marked with 

pillars of masonry or concrete, or with laige cairns of stones. 



having a stake or bar of iron in the middle. 

If there be rock, a hole could be drilled with a jumper and an iron or copper 
plug inserted in it 

In the stondess steppes of Russia, the angles of boundaries of property are 
marked by digging two deep trenches intersecting each other. Into these, a foot 
or two of charcoal is placed, and the earth is then filled in. The boundary post 
or pillar is put in its proper place. The charcoal is absolutely permanent, and 
could hardly be removed so completely as to leave no trace. Thus even if the 
post or boimdary-stone be removed, the position of the point could be recovered, 
very appoximately, by uncovering the charcoal 

By leaving permanent marks, the whole of the traverse-work becomes avail- 
able for filling in a subsequent trigonometrical survey. The positions of the 
main points would be fixed by triangulation, and the several traverses adjusted 
to them. The detail would then be plotted from the original field-books. 
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In shorty if the leading points be not marked in a permanent manner, the 
survey loses half its value. 

Hitherto it has been assumed that the ' angles,' or ' bearings ' 

Snmniiiff ^f ^^ traverse, have been measured with the theodolite. This 

uA flK ft ^ ^ instrument should always be used when accuracy is desired. 

For many purposes, however, the compass will give sufficiently 

accurate results more rapidly and more conveniently than the theodolite, and it 

requires less skill in its use than the more elaborate instrument The compass 

gives the angle which a line makes with the line of magnetic force, passing 

through the place of observation, or what is called a ' magnetic meridian.' 

The angle which the ^ magnetic meridian ' of any place makes with the ' true 
meridian ' is called the ' variation ' or ' declination ' of the compass. Within areas 
of moderate size, the ' variation of the compass' may be taken as constant In 
other words, the 'magnetic meridians' may be assumed to be parallel, like the 
meridians used in the traverse computation. The limits within which this 
assumption may be taken as correct, will be discussed later on. 

Consequently, the ' magnetic bearings ' may be reduced to ' true bearings ' by 
adding or deducting the ' variation of the needle.' 

The ' variation ' may be determined astronomically, by observing the ' mag- 
netic bearing ' of some line, the * true bearing ' of which is known. 

Each ' bearing,' taken by the compass, is independent of those which precede 
or follow it Any error, whether due to centering, bisection of the object, or to 
reading, affects only the side to which it refers, and is not carried forward. 

The compass, as usually made, is not susceptible of great accuracy, but with 
a common prismatic compass, 'bearings' may be read to about a quarter of a 
degree. Even when using a theodolite set up by its compass the accuracy of the 
< bearings ' depends on that to which the compass can be read, say ^ of a degree. 
So far as to the instrument itself, next as to the parallelism of the successive 
' magnetic meridians.' 

Excepting over relatively small areas, these are by no means 

OhaiigM ia parallel. A chart of the world is now published by the 

•■igattio Admiralty, giving the 'variation' of the needle (from the true 

iMtL ttuiaal north), at different points of the earth's surface. Lines are 

and AianaL drawn through places where the ' variation ' is found to be the 

same. 

An inspection of the chart for 1895 shows that the ' variation' at Paris is 

almost exactly 15** west At Dover it is 16° W., and at Land's End, \^ W., 

whilst on the west coast of Ireland in Connemara it is 33® W. From Dover to 

Connemara is about 360 nautical mile^, as the crow flies. Hence the direction 

of the needle varies 7° in 360 miles, or at the rate of i' 10" per nautical mile. 

Going eastward again, the ' variation ' decreases, till at St Petersburg the needle 

points due north. 

It will thus be seen that the ' magnetic meridians ' are by no means parallel 
They are moreover subject to very considerable local distortion, probably owing 
to the presence of magnetic rocks either above or below the surface of the ground. 
These local * variations ' cannot be shown on a chart of the whole world. 
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The ' variation of the compass ' at the same spot changes from year to year, 
as the following record shows. 



Station. 
Paris . 



Date. 


Variation. 


1580 


11" 30' east 


1663 


o-oo' .. 


1780 


19° 55* .. 


1805 


"•05' „ 


1835 


"•04' « 



(For * variation ' at Greenwich, sa Appx. C, p. 282.) 

Now the 'variation' in 1895 at Paris was 15^ W., decreasing about 7' annually. 

Similar changes have taken place all over the world. In x6oo, the compass 

pointed due North at the Cape of Good Hope, now it points 39^ West of North. 

The accuracy of compass bearings is further reduced by the £Eu:t that there is 

a diurnal oscillation of the needle about its mean position. 

Dr. Carl Bauerfeind, in his treatise on surveying, gives the following daily 
sanations : — 

Daily variation. 
Places. Summer. Winter. 

St Helena • • o"* 4'-o6 o°3'-o3 

Greenwich . . 0° 8'* 16 0° 7'-o2 

Munich . . o** io'-77 o°5'-88 

Toronto • . o**io'*7o o°6'*64 

The same authority states that the maximum ' deviation ' to the east occurs at 
8 A.M., and the maximum westerly at a p.m. (near Munich). 

The daily oscillation is greater in high latitudes then in low. It also varies 
in extent from year to year. 

Lastly, the needle is subject to occasional oscillations of an irregular charac- 
ter, which are known as 'magnetic storms.' When these take place, the 
needle vibrates rapidly, moving as much as one degree from its normal position. 
Magnetic storms occur when there is an aurora borealis. Convulsions of nature, 
such as earthquakes, appear also to produce them. 

It is clear, therefore, that the compass cannot be accepted as an instrument of 
precision, not so much an account of any inherent defect in the instrument 
itself, but owing to the fact that the starting point of the angular measurement, 
the ' magnetic meridian,' is constantly varying. 

It is also evident, that for ordinary surveying purposes, it is not advisable to 
sacrifice the simplicity of the compass, in order to obtain what is after all an 
illusive degree of accuracy in taking readings. 

For exploratory work, military reconnaissances, and for filling in details of 
surveys, especially when they are to be plotted to a small scale, the compass is 
invaluable. 

Many cases will arise in the practice of the surveyor, in which, by division of 
labour, and by judiciously proportioning the degree of accuracy to the require- 
ments of the case, always working from the whole to the part, and making the 
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measurement of the whole, more accurate than that of the several parts, compass 
surveys can be made at a cost that is admissible, which would not be the case if 
all details were surveyed with the skill, care, and accuracy, that is necessary for 
the main polygon. 

It may be well to point out the objections to a practice which obtains in many 
of the minor colonies. In several cases a trae north and south line has been set 
out in some public place, in order that surveyors may determine the variation of 
their compasses. The variation so obtained is exact, only at the station and time 
of observation, (t by no means follows that the same variation of the compass 
will obtain at so»Qe other point a few miles away, and at some other hour or date. 
It is therefore absolutely necessary that a surveyor using a compass should be 
capable of determining its variation on the spot by astronomical observation. It 
will be seen in a chapter devoted to this subject that this operation really presents 
no great difficulty (Part II.). 

The area of any closed polygon may be determined direct 
r^a^^^^^^ ^^^ ^^ traverse sheet, without plotting, and therefore free 
^^****' from aU errors in scaling off distances, and from those due to 

shrinkage of paper. 

It is evident that the area of the polygon A B C D £ F G (fig. 87) is equal 
to that of the figure ^C D £ F G^less the figures ^C B A G^. 

The figure ^C D £ F G^ is composed of the figures cQ D d^ ^D £^ and so 
on. Similarly for the figure r C B A G^. Again the areas of the small figures 

are 5 x cd, -^ x de, — ^ x^/,and ^^ x/^. 

The area of the polygon may therefore be obtained by the following precept. 

Add together the ^perpendiculars ' of the successive pairs of points. Multiply 
each ' sum ' bythe*^ difference of latitude^ betiveen the two points^ making the ^products' 
as ^north-products^ and ^south-products^ respectively, according as the multiplier 
is a ^ northing^ or a ^ southing^ then. 

Sum the * north products' and the^ south products^ and half the ^ diffennce' of 
these * sums * will be the * area of the figure! 

Three cases may occur : 

ist The ^meridian* and ^origin' may be entirely outside the polygon, so 
that all ^meridional distances^ ^differences of latitude^ and * perpendiculars' are 
respectively either all ^northings J or all ^southings! all ^castings! or all 

* westings! 

and. The ^origin' may be outside, but the * meridian' may traverse the 
polygon. The ^meridional distances' will either be all * northings^ or all 

* southings! but the ^perpendiculars' will be some ^ecutings' and some ^westings! 

3rd. The * origin' may be within the polygon. Some of the ^meridional 
distances' and the ^differences of latitude' will be ^northings! some * southings^' 
and some of the * perpendiculars ' will be * eastings! some * westings! 

The first case presents no difficulty. The sum of the * north products' will be 
greater or less than the sum of the * south products' according to the quadrant 
in which the polygon is, and according to the order in which the successive 
points are taken. The lesser sum must in any case be deducted from the greater. 
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The second case may be treated independently, as follows. 

Assume two auxiliary points X and Y (fig. 88), in which the meridian cuts 
the lines A B and D £ respectively. The ' departure ' of X and Y will evidently 
be zero. The ' latitudes ' may be computed as follows. 

As the * departure* of A is to the sum of the departures of A and B^soisthf 
difference of 'latitude^ between A and X^ or a X, to the ^ difference of latitude* between 
AandJB. 

The ' latitude ' of Y is determined in the same manner 

The polygon is then divided into two, XBCDY and YE AX, each of 
which may be treated by the above rule. 

In the case shown in the sketch, the first sum is zero + B ^, which is to 
be multiplied by X^, the 'difference of latitude' between X and B fbund as 
described. 

The last sum is ^D + zero, and it is multiplied by the ' difference of latitude,' 
Y d. The last side of the right-hand half of the polygon is the ' difference of 
latitude ' Y to X, which need not be taken into account because the ' departures ' 
of X and Y are zero. 
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The left-hand half Y £ A X may be treated in the same manner, and the sum 
of the two areas will be the area of the whole figure. 

A little consideration will show that the area may be obtained without 
separate additions and subtractions^ but merely by reversing the order in which 
the points are taken in one half of the polygon. Thus, in the right-hand 
half, if we proceed in the direction X B C D Y, * south products,' such as 
(^D-f-^C) X dc^ &c, 2iX^ greater than the 'north products,' the only one of 
which is (zero + ^ B) X ^. 

If, on the other hand, we proceed round the left-hand half in the direction 
X A £ Y, the ' south products' are greater than the 'north products.' 

Consequently, the successive 'products' may be taken out in the original 
direction and the area will be obtained merely by reversing the ' products,' by 
putting the 'north product' in one half, under the 'south products' in the other 
half, and viu versd. 

The third case may be treated in a precisely similar manner. 

M 
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Probably the easiest way of treating the second and third cases is to refer 
the points to a line parallel to the ^ meridian^ and to an ^ origin^ outside the 
polygon, by adding to, or deducting from the ^nuridional distances* and ^fer^ 
pendiculars^ a constant quantity, and thus transferring them from the uptime 
meridian' running through the polygon, to an ^auxiiiary meridian* and *ori^* 
outside. 

The computation of areas from 'latitudes' and departures' is most accurate. 
The results are obtained directly by computation. The area may be taken out 
without even plotting the survey, and certainly without any measurement on the 
plan. It is, therefore, free from errors due to incorrect plotting, incorrect 
measurement on the plan, or to shrinkage of paper. 

If the polygon be a survey of an estate or district, the actual boundary may 
not coincide with the principal survey lines. It will more probably be an 
irregular figure, sometimes inside, sometimes outside, the sides of the polygon, 
and determined by offsets from the main lines, as in chain surveying. 

Even in this case the area of the whole survey may be determined without 
plotting on paper, llie area of the strips between the main survey lines, may 
be taken out direct from the field-book, by adding together successive paiis 
of offsets and multiplying them by the distance between the successive offsets. 

Half the sum of the products will be the area of the strip, which will be 
additive or subtractive according as it is outside or inside the main polygon. 

A complete traverse with a table of offsets, therefore, forms a reliable 
record of both the form and area of a property without being plotted on paper 
at all. It may be plotted at any time from these data, and to any desired scale 
without the slightest risk of confusion or error. 

I. Given the 'co-ordinates' of two points, that is to say 

'"^^^ otod with ^^^ * meridional distances ' and * perpendiculars ' respectively, to 

TntTerte -fi^ ^^^ bearing of otu point from the other. 

Surveying. Find the * difference of latitude ' of each point If their 

' meridional distances ' are of the same name as in cases i and 2 

(fig. 89), this will be effected by deducting the smaller from the greater. If of 

opposite name as in case 3, then they must be added together. 

Then find the * departure ' in like manner, subtracting when of the same name 
and adding if of opposite names. 

Lastly, divide the * departure ' by the * latitude,' and the quotient is the 
tangent of an angle which can be taken from the table. If we denote this 
angle by 0, the bearing can then be deduced in the four cases which may arise, 
as follows : — 

I. Departure * Easting,' Diffl of Latitude * Northing,' = bearing. 

3. „ „ „ „ „ 'Southing,' 180^ - ^= „ 

3. „ 'Westing,' „ „ „ „ iBo'^ -f- * = „ 

4- II »> II II II ' Northing,' 360* - tf =s „ 

If the ' Departure * be much greater than the ' Difference of Latitude,' it will 
facilitate reference to the tables to divide the ' Difference of Latitude' by the 
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* Departme ' instead. This will give the tangent of an angle (^), from which the 
bearing can be deduced as follows : — 



I. Departure ' Easting/ Difil of Latitude ' Northing/ 90° — ^ s bearing. 
3. „ „ „ „ „ 'Southing/ 90** + ^= „ 

3. „ 'Westing/ ,, „ „ „ 270** - ^^ = „ 

4. ^ H w M ,» ' Northing/ 270** + 4^ » „ 



3. To find the ' distance between twopaints^ the ' coordinates ' of which are 
known* 

Find the ' differences of latitude ' and ' departure ' as in case i. 

Square each, add the squares togetheri and take the square root of the sum^ 
this will be the ' distance* required. 




Gaaell* 



riG. Sg. 



This procedure Is laborious, unless an extended table of squares Is at hand. 
£ven the use of logarithms does not greatly facilitate matters, unless one has a 
table of ' sum and difference logarithms* which but few logarithmic canons contain. 

GeneraUy, when the 'distance between two points' has to be found, the 
* bearing' also is required* Consequently the foUowing procedure is more 
practical* 

Compute the 'bearing^ as in (i). Then the 'distance* is obtained by dividing 
the 'departure' by the sine of the bearing^ or the 'difference latitude' by the 
cosine of the hearing. Or in other words multiply the ' departure ' by the cosecant 
of the bearing^ or the ' difference latitude ' by the secant of the bearing. In practice, 
the choice between these rules is decided by the principle, that it is desirable to 
work fh>m the laiger of two known quantities. Therefore, if the ' departure ' be 
laiger than the ' difference latitude ' work from it, and vice versA. 

3. To find the ' meridional distance^ of a point on a certain line (the ' co- 
ordinates ' of whose terminal points are given), that shall have a given ^perpen- 
diiular* and the converse. 

This is a case which occurs very frequently in plotting extensive traverses, 

M 3 
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"when the line to be plotted extends beyond the fixed margin of the sheet It is 
therefore desired to find either the ' meridional distance ' or the ' perpendicular' of 
the point in the line in which it cuts the margin line of the sheet. 

Find the ' differences of latitude, and departures,' of the terminal points as in 
case (i). Suppose that the line cuts the ' eastern ' or ' western ' margin of die 
sheet, then the ' meridional distance ' of the intermediate point is sought, together 
with its ' perpendicular ' (namely the perpendicular of the tnaigin line). 

Find the ' departure ' of the desired point from one or other of the given 
points. 

Then, as the ' departure^ of the two given points^ Is to the ^ departure^ of the 
point soughty from one of the given points^ so is the* difference latitude* of the given 
points^ to the difference latitude of the point sou^t^from that same point. By adding 
the 'difference latitude' to, or subtracting it from, the ' meridional distance' of 
the starting point, the ' meridional distance ' of the intermediate point to be laid 
off on the margin line, is found. 

If the top or bottom margin be cut then the 'perpendicular ' of the intermediate 
point may be found by the same rule, merely substituting * difference latitude* for 
* departure* 

The ' differences latitude and departures ' will be found from the traverse sheet 
by applying any correction that has been necessary, to the calculated value (^ 
these quantities. 

The ' corrected bearing of the line ' will also be found in the traverse sheet 
The ' meridional distance' of an intermediate point can be found by multiplying 
the ' departure ' of the intermediate point, from the known point, by the tangmt of 
the ' hearing* and the * perpendicular ' by multiplying the * difference latitude ' by 
the co-tangent of the * bearing.* 

An example is here inserted, showing how to calculate an area direct from 
the Traverse Sheet and Field-Book, being the calculation of thearea of the field 
A (fig. 73), {vide ' Example of Traverse Survey,' plate I J.). 

In this case, as the points h and Y are not given on the traverse sheet, we 
must first calculate their co-ordinates. 

From the field-book, H^ = 15', HI = 1774', hence the 'Difference Lati- 
tude ' and the ' Departure ' of h from H may be found by multiplying those of 
I from H (which are got from the traverse table) by the fraction ^Jfr o*^ 
•01177. 

The ' Difference Latitude' of h firom H will therefore be, 

i6s'i X '01177 or i«9 N, 
and the ' Departure ' 

i263'o X '0177 or i4'9 E. 

Similarly, we find that for G from Y, 

the ' Difference Latitude ' =s 54- 7 N 
and * Departure ' = 242 'o W. 

We can now construct the following subsidiary table by reference to the 
main traverse sheet : — • 



Digitized by 



Google 



THAVERSM SURVEYING. 



16S 



Point. 


UUitudes. 


Dcpfltrtimc^/' 




North. 


Sottih. 


EMt. 


West. 


North. 


^ 


H 
h 
Y 
G 


1-9 

533*4 

54-7 




14-9 
206*8 


242*0 


34*9 937*0 

368 , 951*9 

569-2 1158-7 

6239 9*6-7 



The other points are taken from the main traverse sheet, and the area of the 
polygon OOiPH^YGMN may then be calculated as follows :-~ 

Calculation of thb Arka op thb Polygon OO, PHJIYGMN. 







Sum of 
Pcrpeodiciilan. 


Ladiudes. 


noducts. 1 


Pobtt. 


Perpeadicubtfs. 






















North. 


South. ' 


North. 


Soath. 


H 

h 


937-0 \ 
95»*9 / 


1888-9 


1*9 


•• 


3588-9 


•• 


h 
Y 


951-9 I 
"58*7 


2110-6 


532*9 


•• 


1124738*7 


•• 


Y 
G 


1158-7 
916-7 J 


2075-4 


54-9 


*• 


"3939-5 


•• 


G 
M 


916-7 
697*9 / 


1614*6 


358*2 


• • 


578349*7 


•• 


M 

N 


697-9 
233*3 / 


931-2 


•• 


386-4 


•• 


359815-7 


N 



W. } 


3"*6 


•■ 


34S*« 


- 


iiioi6*3 



0, 


88-3 
231-2 / 


319-5 


•• 


134- 1 


•• 


428449 


?• 


231-2 
4505 / 


681-7 


■ •• 


'*-4 


•• 


9816-5 


P 
H 


450*5 
937*0 ) 


1387*5 


•• 


66-5 


•• 


92273*8 


1820616 8 


615767-2 


Ai 


rea in square f< 


*et • 






615767-2 




2)1204849-6 




60242s 


1 


1 



The area of the gromid between the survey lines and the fence can now be 
calculated either direct from the field-book, or by ' equalising boundaries ' where 
the fence is nearly straight, and using only the extreme ordinates^ or offsets for 
each straight bit, remembering that the line ^ Y is outside of the fence, and heiice 
the area computed from the field-book with that line must be subtracted* In 
the following computation the boimdaries in some places, particularly from O^ to 
H, have been equalised (foide fig. 73), 
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Calculation op Akbas brwebn thk StfKVXT Lines amd pERCxt. 



Number. 


Ordinatcs or 
Ofiets. 


iSum 
ofOflbets. 


Length. 


Area. 


Remariu. 




O 

ao'2S 
ao-25 
4925 


10*125 

34*75 


9 
223 


91 

6749 


> LineYG. 




38 
34-5 


31-25 


310 


96875 






16-5 
16-5 
255 


»-5 

SI'O 


33 

45 


656 
945 


' GM. 






25 25 


13 


338 






5-75 
1735 


li'S 


179 


20585 






1725 
40s 


a8'875 


5a 


15015 






36s 
36-, 
29s 


38s 

33 


ars 
U'5 


828 

445'5 


MN* 




29 


2925 


58 


1696s 






3 

4 


16-5 


1845 


3044 






4 

21-5 


U-75 


130 


1647-5 






ai-5 , 
19 


ap-aS 


2445 


4951 


Na 




!9 

90 


19$ 


17 


3315 






9 


MS 


30 


435 






i^ 


14-9 


75-5 


1125 


00,. 




80-8 

8-75 


14-775 


83 


1236 






7 
^•5 


7*7S 


920 


1705 


0,P. 




10 


18-5 


360 


^660 


PH. 




27 

7 


170 


»4» 


S414 




485355 
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Calculation op Akias bbtwxbn thx Sukvky Lines and Fencbs— ««»6Wim& 



rluiDMr* 


Ordinates or 
Offsets. 


iSttm 
oro&ets. 


Length. 


Area. 


Reiaaiks. 


I 
a 
3 

4 


42 


24-5 
35-25 
20-7S 
I4-S 


264 
136 
149 
iS'5 


6468 

4796 

309a 

225 


>iY (to be subtracted). 


Deduct ..••••• 

Area in square feet . • • • . 
Area of polygon ••••«• 


14581 


^3954-5 
6024250 




Total area in 


I square feet, w 


^ith polygon 


636379-5 



The eiBMt of 
the tpheiieal 
torn of th« 
XarCh on 



prohlenSi 



At the commencement of this chapter it has heen stated that 
in all points but one, namely, the conveigency of the meridians, 
even a laige area may be treated as a plane, without introducing 
any serious distortion. Further it has been stated that no 
other course is practicable than to divide up a large survey into 
a niunber of small areas, each of which is so small, that within it, 
the spherical form is negligible, and such is obviously a necessary procedure since 
a spherical surface cannot be unwrapped, and flattened, without either stretching 
or tearing. The only plan therefore, is to treat the globe as though it were a 
many faced solid, each face exceedingly small in proportion to the whole surface, 
so small that the difference between the spherical and the plane surface, in each 
little element, is negligible. 

It is now desirable to see how large these small areas may be, without 
producing any appreciable distortion. This can be done by means of a simple 
numerical calculation. 

For this purpose the earth may be assumed to be a true 
sphere, having the following mean dimensions. 

feet 

Earth's mean radius 20,889,000 log 7 * 3,199,176. 

Arc subtending one degree 364,582 „ 5*5,617,950. 
Arc subtending one minute 6076*36 „ 3'7»836,437. 
Arc subtending one second 101*273 „ 2 * 0,054,925. 

(Rankin's ' Civil Engineering.') 

These arcs are the distances measured on the surface of die earth, between 
points which subtend an angle of one degree, one minute, or one second 
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respectively, at the centre of the sphere. For example, two lines, drawn from 
the centre of the earth to two points 6076*36 feet apart, measured on the sur£sice 
of the earth, would (on the above assumption) be inclined to each other at an 
angle of one minute, whatever be the relative direction of one point from the 
other. The nautical or sea mile, is the length of one minute of a d^ree of 
latitude at the mean level of the sea, its mean value being nearly 6076 feet, 
though a value commonly taken for the nautical mile is that of one minute of 
longitude at the equator, or 6086 feet 

A ' great circle ' is any circle on the surface of the sphere 

•Gitat Cirelei,* whose centre is in the centre thereof, or in other words it is the 

^ ¥eridi a n i,* section of a sphere by a plane passing through the centre. 

of Latitiido' ' Parallels of latitude' are not great circles, their centres are at 

dMozibod. various points in the polar axis, and they have all shorter radii 

than great circles. 

The property of the ' great circle,' most important to the surveyor, is that any 

* straight line,' as ranged in the field, is a portion of one. If the line joining any 

two points on the ground were prolonged indefinitely, a great circle would be 

described, and the surveyor would go round the globe, and return to the starting 

point Again, if a theodolite were set up at any point (excepting on the equator) 

and so adjusted that when the indey was at zero the telescope pointed due 

norths then, if the index were set at 90°, the telescope would now point due east 

Suppose now that, with the telescope last named, two pegs were driven in its 

exact line of coUimation, and the line so marked out were prolonged, by ranging 

continually over land and sea, it would be found that after some considerable 

distance had been set out, the direction was no longer due east^ but appreciably 

to the south thereof. 

Any number of pegs, marking such a line, would appear to be in an exactly 
straight line, but the azimuth of each peg from the next would, if determined 
astronomically, vary continually. This can easily be seen by applying a string 
to a terrestrial globe. 

The only ' great circle ' which always makes the same angle with a given 
meridian is either the equator, or is itself a meridian. 

On the other hand, U* a line were set out, in short lengths, from any point- 
not on the equator, and each successive short length were laid out exactly east or 
west, (as with a perfectly correct compass for example), then the points on that 
line would not form a great circle, but a parallel of latitude. On the ground, the 
successive pegs would not be in a straight line, but in a curve, the radius of this 
curve being less, as the latitude increases. It would run through all places 
having the same latitude as that of the starting point, ultimately returning to it 
If the starting point were on the equator, then, as the line cuts all the meridians 
at right angles, the equator (itself a great circle) would be set out An example 
of the curvature of a ' parallel of latitude ' will be given later on. 

If a line were set out and continued in some direction other than due north, 
south, east, or west, so as to cut each successive meridian at the same angle, then, 
(as a glance at a globe will show) this line, if prolonged indefinitely, would form a 
spiral, circling round the globe, with diminishing radius or curvature, always 
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approaching, but never reaching either pole. The turns of the spiral become 
more and more rapid as the pole is approached. 

A portion of such a spiral is traced by a ship, when she steers any course but 
N, S, E, or W. If steered either due east or due west she would trace out a 
' parallel of latitude ' and return to the starting point It is a property of Mercator^s 
projection of the earth, that these spirals or 'courses' are projected as straight 
lines. Hence the use of this, otherwise misleading form of projection, in navi- 
gation. The difference of the spiral ' course ' from the ' great circle,' may be seen 
by comparing a map on Mercator's projection with a globe. 

Distances which the surveyor measures on the ground are 

M«MM«d therefore arcs of 'great circles.' In projecting them on the 

MfffaTol^Giwit plan, as straight lines, no error is committed as regards the true 

ffinriM,* distance from one point to another. If, however, numerous 

points were taken and the several distances from one to the 

other measured with absolute accuracy, so as to build up a network of triangles 

or polygons, the various triangles or other figures, which the several measure* 

ments form, could not be fitted together, on account of the spherical form of the 

earth. It remains to be demonstrated how such measurements can be adjusted 

so that a series of triangles can be fitted together on paper, &c. Vide Part II, 

of this treatise. 



Digitized by 



Google 



170 



SURVEYING, 



IMnitimi of 
tern, 'Xiaor 



CHAPTER V. 
MINOR TRIANGULATION. 

The present article is entitled ' Minor Triangtilation/ because 
the methods to be indicated are not so complicated, or minutely 
accurate, as those employed in dividing up a ' grand ' or primary 
triangulation. When a survey of a great country b made, it 
is usual to commence by determining, by triangulation, the position of a number 
of points at distances from each other of from ao to loo miles. This work b 
executed with the highest d^;ree of accuracy possible. The most powerful 
instruments are employed, and the spherical form of the earth is taken into 
account A description of the methods necessary to attain this high d^;ree of 
accuracy does not come within the scope of this present treatise. 

The grand triangulation being finished, the topography of the country is 
delineated by fixing a number of secondary points. The great triangles are 
broken up, as it were, into a number of smaller triangles, having an average side 
of one mile or less. In this ' minor triangulation ' instruments of a less powerful 
character are employed, and the spherical form of the earth is n^lected. The 
methods which will now be described, are those suitable for such a 'minor 
triangulation.' They will, however, suffice for a survey of an area of loo square 
miles or more, and will afford the means of preparing a map of a considerable 
district, to any desired scale, possessing sufficient accuracy for all practical 
purposes. 

In Uhain surveying^ the positions of points are determined 

^^"fj^'y by linear measurement only, and in ' traversing ' by one lineal 

and one angular measurement In a ' triangulation,' there is 

but one lineal measurement, that of th€ base liruy from which the relative distances 

of numerous points from each other are determined, and their co-ordinates 

calculated. 

Triangulation depends upon the well-known trigonometrical rule, that if one 
side of a triangle, and two of its angles are measured, the remaining angle and 
sides can be calculated, and tliat, treating the triangles as 'plane,' and not 
' spherical,' the three angles sum to i8o^ Consequently, if the 
two angles A and B of the triangle ABC (fig. 90) are measured, 
the third angle C is obtained by deducting the sum of A and 
B from 180°. Calling the sides which subtend the angles 
A, B, C : — tf, ^, and c respectively. Then by trigonometry, 

a : ^ : ^ : : sin A : sin B : sin C. 
Now, suppose that the base c is known. 
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Then a = ■ . ^ * = . ^ , (i) 

sm C sin C ^ 

or a as r sin A cosec C ^ as r sin B cosec C (2) 

Though not absolutely necessaiy, it is desirable to measure the third angle of 
the triangle. This not only gives a check on the accuracy of the angular measure- 
mentSy but materially increases the probable accuracy of the work. The three 
angles will not, in all probability, sum to x8o^, 
but to a few minutes or seconds more or less. 
The excess or defect^ over or under two right 
angles, is called the ^summation error' of the 
triangle. This should not exceed some pre> 
scribed amount, dependent on the capacity of 
the instrument used, and the care and skiU of 
the observer. 

Before calculating the sides a and b, the 
three observed angles A, B, and C, must be 
corrected by adding to or deducting from each, 
a small angle, so that the corrected angles sum 
exactly to z8o^ In any given triangle there is 
no particular reason why one angle should be tiQ. 9a 

more in error than another, nor is the probable 

error in any way dependent on the magnitude of the angle, as it is on the len^h 
of linear measurements. So, as £ar as a single triangle by itself is concerned, 
the summation error may be divided by three, and the correction so obtained, 
applied to each angle, in such manner as to make the corrected angles sum to 
180^ o' o". Although this simple method of correction suffices for a single 
triangle, it will be shown hereafter, that when a considerable number of triangles 
have to be corrected, a more elaborate method of determining the proper correc- 
tion to be applied to each angle, becomes necessary. 

With a series of A's (inde fig. 90), proceed as follows. 

Having corrected the three angles. A, B, and C, the sides a and b, are computed. 
Then with side 'a' or C B known, the sides C D and B D m the triangle C B D 
are computed. Proceeding in the same way, the positions of the remaining 
points in the area to be surveyed, are determined from the first measurement of 
AR 

Before describing the process of triangulation, it will be 
Unit «f well to examine superficially, the limit of accuracy attainable 

^^timfff under different conditions, and the effect of the form of the 

'^dStawit triangle thereon. 

Let A and B be two points on the meridian, C a third point at a 
distance from it (vide fig. 91). Let A B be 10,000 units in 
length. 

At A and B angles are measured to C. The angle at C is not supposed to be 
measured. For simplicity in calculation, it will be assumed that the angles at A 
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and B are equal, and that the angle at C b obtained by deductbg the sum of A 
and B from i8o^. 

Now every angle, however measured, is liable to some error, smaller or 
greater, according to the power of the instrument; and the care employed in usiog 
it In the present case let the limit of error be ± 30". That is to say if an 
angle measured, say 49^ 3a' 30", it might in reality be anything between 49** 33' o" 
and 49*' 32' o". 

The rays from A and B to C, may therefore be regarded as two rods, pivoted 
at A and B, and capable of moving through an angle of 30" on each side of the 
true angles to C, at which point they intersect 

It is evident, however, that as each angle is liable to any error up to 30'^ the 
true position of the vertex may be anywhere within the area Ci Cs Cs C4, accord- 
ing as both angles have been observed to0 large ox too smaU^ ox one too large and 




no. 9t. 



the other too small, and all that can be asserted is that C is somewhere within 
that area. 

Draw C, D through the points Ci C and C, perpendicular to A B, also C, D3 
and C4 D4. Then D C is the ^i/^tfww/ * perpendicular distance' of C, and A D 
the apparent * meridional distance.' But the real * meridional distance' may be 
anything between A D4 and A Dj, and the ' perpendicular ' anything between D C, 
and D Ci. The line C C, = C C4 may be called the rame of uncertainiy in the 
* meridian,' and C Ci = C C, (approximately) the range of uncertainty in the 
•perpendicular.' The figure Ci C, Ca C4 may be called the area of uncertamty. 

C C D D 

We may also call the ratio g-^ = j~ the relative uncertainty or rate of probable 

error in the ' perpendicular ' and * meridian ' respectively. 
2fl^ ^ The following Table, gives the actual and relative errors 

trron of db 80" ^ox various values of the angles observed, at the extremities of 
•n Tariovi the base of an isosceles triangle. The base is supposed to be 

ten thousand units in length. 
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TABLE iSHOWING DiPPKRBNCBS IN THB P0SITI6N OF THE VERTEX OP ISOSCELBS 

Triangles op Different Proportions, due to a Variation OFdk3o'' in 

BACH OF THE ANGLES ADJACENT TO THE BaSE OF IO,O0O FeET. 



1 


2 


8 


4 


5 


6 


7 


i 


AandB 


C 
Angle 

at 
Vertex. 


AD 
Meridional 
Distance. 


CCa&CC* 

Difietencein 

Meridional 

Distance 

due to a 

Variation of 

±30" in 

Lateral 

Angles. 


Difference 
per zooo 
inj^ng. 


CD 

Perpendicular 
Distance 
CfromA. 


CCiftCCs 

Difference in 

Perpendicular 

Distance 

due to a 

Difference of 

±30" in 

Lateral 

Angles. 


Diflferenee 

per 1000 

inK^jthoT 


e » 
8730 




s 


5000*00 


8-344 


1-668 


114,518*00 


/ 38349 
1380*95 


3-348 
3326 


85-00 


10 


>i 


4' 188 


0-837 


57,15000 


/ 95-89 

\ 95*57 


1*672 
1-679 


82-30 


15 


f» 


2-809 


0*562 


37,978-77 


4270 


1*124 


75-00 


30 


ft 


0-581 


0*290 


18,660*25 


10-85 


0*581 


6730 


45 


M 


O-4II 


0-205 


12,071*06 


5-81 


0-412 


60-00 


60 


»t 


0-33S 


0*168 


8,660*22 


2*91 


033^ 


5a-30 


75 


»» 


0-301 


0*150 


6,516*13 


196 


0*301 


45-00 


90 


»t 


0-291 


0145 


5,000*00 


1-45 


0*291 


37-30 


105 


»• 


0-301 


0*150 


3.836-63 


1*15 


0*301 


30-00 


120 


»» 


0335 


0-168 


3,866-75 


0*97 


0336 


22-30 


135 


» 


0-411 


0-205 


2,071*07 


0-85 


0*412 


15-00 


150 


»• 


0*581 


0*290 


«»339'74 


o*77 


0*581 


730 


165 


»> 


a-809 


0-562 


65826 


0*74 


I-124 



An inspection of this table shows that the actual^ as well as the rate of 
errar^ is least when the angle at the vertex is a right angle. As the angle 
varies from a right angle, the actual and the rate of error increases slowly at 
first, then more and more rapidly, tending to become infinite as it approaches 

zero or iSo^ To make this more apparent the values of ■ ^ ?^^^^^ and 

A B 

J^f^ ^y^ ^^^^ plotted as ordinates of a curve, the several values of the 

angle at the vertex being the abscissae (vide fig. 92). 

From this we may see that between 

C = 25° and C = 155*' 
the rate of error due to an error of ± 30", in the angles A and B, is always less 
than I per 1000, which has been taken as the error of good ordinary chaining. 

We likewise see the advantage of measuring the third angle C. When this 
is deduced from A and B its value may vary between the limits Cj = C + i' o" 
to Ci = C - i' o". But if C be measured we shall obtain its value to within 
± 30", so that the true position can be neither at Ci nor 0%, but at some point 
nearer to C. 

It is obvious that similar conditions obtain when the triangle is scalene. 

So far, we have assumed that A and B are fixed points, and that A B is fixed 
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both as to direction and length* But when a number of triangles are built up 
as a network of triangulation, such as A B C D E (fig. 93}, every angle is equally 




liable to error, and also every side, except some one primidve side, such as A B, 
whose direction and length is assumed to be fixed. 

Each triangle, therefore, may be considered as being composed of three 
slender rods, pivoted at their middle points (fig. 94), and which may be moved 





FIG. 93. 



no. 94. 



through a certain small angle, representing the probable error in the measurement 
of any angle. The intersections of these rods in their limiting positions, mark 
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out the three areas of uncertainty, within each of which the true position of the 
point must lie. 

When the triangle is equilateral the three areas of uncer- 
^'^*"w: toi'^ty *^e equal. It is true that an angle of 6o° does not give 
the smallest area of uncertainty. But if one of the angles 
of a triangle exceeds 6o% one or both of the others must be less than 6o^ An 
inspection of the ' table, and curve,' shows that the rate of error increases much 
more rapidly as the angle becomes less than 6o°, than it decreases as the angle 
becomes greater than 6o^ Consequently, an equilateral triangle is that in 
which a given error in each of the three angles, produces on the average of 
all three sides, the least error, and therefore, the surveyor should endeavour to 
make the triangles of a network, as nearly equilateral as possible. He will not 
as a rule, be able to do so exacdy, but the nearer to the equilateral, the greater 
the accuracy to be attained with any given power of instrument 

The sketch here inserted (fig. 95) shows the triangulation of 
*f 'iSt^ ^^ Malta, and is a fair sample of what can be attained in practice, 
without going to the expense of building artificial stations. 
Triangulation may also be carried out as follows. Let A B 
Another j^e the known base, and C, and D, two points whose positions 

om^o/oiift ^^® ^^ ^^ determined {;vide fig. 96). The several angles at A, 
a A**. ^» ^> ^^^ ^> ^^ observed. The three angles of each of the 

triangles A D B, A C B, A C D, BCD, are obtained by de- 
duction, and each corrected for summation error. Then C A and C B may be 
obtained from the triangle A C B, and A D and B D from A D B. 

C B being known, C D may be computed from the triangle C D B. It may 
also be obtained from A D in A D B. Similarly, two values of each of the five 
lines A C, C D, D B, C B, and A B, may be obtained, which would not in all 
probability be identical. The mean of the two values of each might be taken 
as the true value, and laid off with the 'beam compass.' Or, both values of 
each line might be laid off, by striking arcs. These arcs would not in all 
probability cut in a point, but would form small triangles or rectangles, the 
centre of magnitude of each of which may be taken as the true position of 
the point A very good check on the accuracy of the work would thus be 
obtained. The process would, however, be laborious, as four triangles have 
to be computed to determine two points. Plotting by ' beam compass ' is also 
troublesome, owing to the expansion and contraction of the paper. 

It would be better, perhaps, to treat such a figure as a traverse, the sides 
of which are obtained by computation, and the angles by observation, but even 
then the ' observed angles ' would require adjustment 

If a series of triangles be regarded as bui]ding up a closed polygon, and the 
angles not merely corrected to sum 180^ then all requisite checks may be 
obtained, without the necessity of making two computations for each side. 

Fig. 97 shows a network of thirty-four triangles. A B is the known base. 
If the measurement of the angles were absolutely perfect, the final result 
obtained by computing a series of triangles successively in any order, must be 
the same. 
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Thus, starting at triangle i, of which the side A B is known, one might pro- 
ceed to compute in succession triangles i, 2, 3, 4, &c., to 22, 23. Then the 
length of the common side of the triangles 23 and i, as obtained from com- 
putation of the series, ought to coincide exactly, 
with that obtained from the original triangflei. 
Agam, starting from the common side of the 
triangles 26 and 2, the triangles 26, 27, 28, &c., 
to 24 may be computed in series, and the re- 
maining triangle 25, does not require computa- 
tion, excepting as a check. 

In order to ascertain how 

*i^S^°*<rf' ^^ necessary corrections may 

eloMd p^ygo^ ^® "^^^' ^ ^s to obtain the 
desired result, it will be neces- 
sary to examine the * equations of condition ' of a closed polygon, composed of 
several triangles fitted together. It is clear that a network of triangles may be 
divided into a series of interlacing polygons. Thus, referring to fig. 97, the 
triangles z, 2, 26, 25, 24 and 23, form a polygon, which interlaces with another 
composed of triangles 2, 3, 4, 5, 27, and 26, and so on, for the whole network 
of triangles. It is clear that if the triangles of the first series are so corrected 
^& to satisfy the conditions of a closed polygon, as also those of the second, (using 
of course, the same corrections for the angles of the triangles common to both 




FIG. 96. 




FIG. 97. 



polygons), and so on for the whole network, the final value of any side will be 
the same, whatever order or series of triangles be adopted for its computation. 
Bj correcting in this manner, a network of triangles will be obtained which will 

N 
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fulfil the conditions of a series of plane dosed polygons, and the corrected angles 
of the triangles whilst differing but litde firom die observed values, will satisfy 
these conditions. The results wiU therefore be veiy close to the truth. 

To continue, let A B C D £ F (fig. 98) be any polygon. Let rays be drawn 




to some point O inside the polygon. Then the polygon may be considered as 
made up of the triangles, A O B, B O C, C O D, D O E, E O F, and F O A. 

In the first place, it is evident that the three angles of each triangle must sum 
to 180.° 

Next, the angles at O must sum to 360 or four right angles. This condition 
will be fiilfilled if the angles are observed in the usual manner by keeping the 
limb clamped last, whilst the telescope is directed to each point in succession, for 




the angles being obtained by successive subtraction, must sum correctly. Each 
angle is liable nevertheless to error, like all other angles. If they were observed 
independently, (as with a sextant for example), they would not in all probability 
even sum correctly. 



Digitized by 



Google 



MINOR TRIANGULATION, 179 

Now suppose that the several triangles, (their angles being corrected to satisfy 
these two conditions), are cut out in paper. They would then fit accurately at 
0,(fig. 99) and the three angles of each would sum to 180. Yet there is nothing 
to secure the coincidence of the extremities of their peripheral sides. They might 
fit together as in fig. 99, for the third equation of condition of a closed polygon 
has not yet been fulfilled 

Now suppose that the observer is at O (fig. 98). Then the angles of the 
several triangles, at the circumference of the polygon, may be called right hand or 
left hand as he regards them in succession. Thus r^ r^ r^ r^ r^ r^ are right-hand 
angles, and A Z, 4 4 4 4 ^^^ UfUhand angles. 

Now by plane trigonometry 



OB 
OA 


_ sin Vy 
sin /j 


OC 
OB 


_ sin r, 
sin 4 


OD 
OC 


_ sin r, 
sin /^ 





OE 


_ sin rj 




OD 


sin 4 




OF 


sin r. 










OE 


sin 4 




OA 


_ sin r^ 




OF 


sm 4 


: X OF 


X OA 


= 



Multiplying these equations together, 

O B X O C X O D X O E 

O A xOBxOCxODxO E~7D'F 

sin rj X sin r^ x sin r^ x sin r^ x sin r^ x sin r^ _ 
sin 4 >< sin 4 x sin 4 x sin 4 x sin 4 x sin 4 ~ 

The products of the sides on the left of the equation cancelling. 

Then we have the precept, that. In any closed polygon^ composed of triangles^ the 
continued product of the sines of the right-hand angles is equal to the continued 
product of the sines of the left-hand angles. 

The log sines of the several angles may be conveniently taken, in lieu of the 
natural sines. 

We thus have the three equations of condition of a perfect polygon. 

(i) The three angles of each triangle must sum to two right angles. 

(2) The angles at the central point must sum to four right angles. 

(3) The sum of the log sines of the right-htmd angles must be equal to the sum of 
the log sines of the left-hand angles. 

So &r, the central point has been assumed to be inside the polygon, the case 
which usually occvurs in practice. The same principle applies, with a little 
modification, to the rarer case, where O is exterior to the polygon {vide fig. 100). 

Thus, the polygon A B C D E F is obtained by taking away the three triangles 
A O F, A O B, and B O C, from the figure O C D E F, made up of the triangles 
C O D, D O E, and EOF. The first-named triangles may therefore be called 
n^ative triangles, the last ^XQ^y positive triangles. It is unnecessary to repeat 
the reasoning, which is precisely like that of the first case, except that, (as a little 
consideration will show), when O is exterior to the polygon the left-hand and right 
hand angles must be inverted in the negative triangles. 

N a 
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For tbis case the precept then becomes, The log sinecf the right-hand angles, in 
the positive triangles^ added to the log sines of the left-hand an^ in the n^ative 
triangles, are equal to the log sines of the left-hand angles of the positive triangles, 
added to the log sines of the right-hand angles of the negative triangles. 

This case might be of use in surveying a coast line. ADO (fig. loi) would 
then be the n^ative triangle. 

The three equations of condition are applied as follows. 
The various angles at the different trigonometrical points of a 
survey having been measured, the three angles of each triangle 
are computed from the observed angles entered in the * field- 
book.' 
To avoid confiision in so doing, it is well to prepare a sketch of the network 
of triangulation, to approximate scale, laying off the angles bjr means of a pro- 
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tnctor. The angles are then inserted each in its proper place {vide fig. 102, 
Diagram of Triangulation). 

A correction-sheet is then prepared {vide table £). In this the 
angles of the various triangles> which, when grouped together 
form a polygon, are brought together. Thus the first polygon 
might be composed of the triangles 2, i, 7, 8, 9, 3, the next, of triangles 3, 4, 12, 
II, 10, 9, the third, of 4, 5, 6, 14, 13^ 12 and so on. 

The central angles of each polygon are inscribed in the left-hand rubric in 
succession. In the second and third rubrics the corresponding right and left- 
hand angles of the triangles are inscribed, so that the three angles of the same 
triangle come in one horizontal line. The log sines of the right and left^iand 
angles are inscribed against them, in these rubrics. Against each log the log 
difference for i" is inscribed, noting the sign, and remembering that sines of 
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angles greater than 90** decrease^ and that therefore their differences are negeUive. 
Next the three angles of each triangle are summed, and the smn is carried out 
in the fourth column. This determines the simmiation errors. 

The correction is now proceeded with. No complete rule can be laid down 
for determining the proper correction. In a single polygon, the number of 
possible solutions is infinite, but when several polygons interlace, as the same 
correction must be made in the same triangle in every polygon, of which it forms 
a part, the number of possible solutions becomes much reduced. 

It must be remembered that all angles are equally liable to error, conse- 
quently if the central angles sum to four right angles, as they will do, if observed 
in the usual manner, they are none the less open to correction. To apply an 
error in summation of log sines, correct small angles rather than large ones. The 
sines of small angles mcrease more rapidly than large angles, in other words the 




differences of log sines of small angles are greater than those of large. Therefore, 
a greater correction in the summation of log sines is produced with a lesser 
alteration in the observed angle, by altering small angles than by altering large 
angles. 

Conversely, in correcting an error of summation, either at the centre or in 
each individual triangle, correct large angles rather than small, for the difference 
of log sine of large angles is small. 

First, the summation error should be divided by three, and the quotient 
applied to each angle, noting the sign + or — as the case may be. These 
preliminary corrections are written in pencil. The difference for i second is 
multiplied by the correction and the result put in proper position in the columns 
prepared for the purpose in the second and third rubrics. Then the differences 
due to the trial corrections are summed, also those of the central angles of the 
triangles, and the result is noted. 
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Probably the trial corrections will improve matters,, but not sufficiently sou 
Some corrections must be increased, others diminished, always remembering 
that the same correction must be applied to the same angle, in every polygon 
in which the said angle occurs. Often, it will be necessary to make a correc- 
tion which apparently makes matters worse in one polygon in order to adjust 
another. 

Proceeding in this way, by trial and error, it is quite practicable to select 
corrections for a network of triangles, so that whilst the angles of the individual 
triangles, and the angles at every point, sum correctly to the last second of arc, 
the corrected summation of the log sines of the right and left-hand angles, agree 
to the first five figures, from the left of the mantissa of the logarithm, and this 
degree of accuracy will suffice for the purpose of a 'minor triangulation.' 

It will at first sight appear that this method of adjustment is laborious. It is 
not so much so as might be expected. When all is arranged beforehand, and 
proper forms prepared, the work of adjustment proceeds rapidly. But laborious 
or not, the precision of the results obtained, fully justifies the labour. A network 
of compatible triangles has been prepared, whose angles differ from the observed 
angles by a few seconds only. All errors have been eliminated, including 
spherical excess, and the result is a network of true, plane, triangles. 

Table £, opposite, gives an actual correction sheet taken at random from the 
survey of Malta. It refers to the series of triangles shown in fig. 102. This 
portion of the triangulation is not put forward as a model of accuracy, for indeed 
some of the corrections are rather large. Perhaps this is an advantage, as illus- 
trating the principle more clearly, and as showing what can be done with a 
somewhat crude triangulation. 

If the correction has been carried out to the degree of precision indicated, 
the final determination of the last side of a circuit of many triangles, will agree 
with the first to five places of significant figures from the left It may happen that 
some one or more polygons, cannot be made to satisfy the three equations of 
condition, without appl3dng corrections greater than the assumed unavoidable 
error of angular measure, appropriate to the means of measurement employed. 

If this happens, there is nothing for it but to re-observe some of the angles. 
Generally the position of erroneous observation will be indicated by the correction 
sheet It will be found that an angle or pair of angles throughout the whole of 
the group of polygons which they affect, wiU always require an undue amount of 
correction. A little consideration will then show the point at which the observa- 
tions should be revised. 

It is true that with a number of interlacing polygons, and some fixed limit 
of error of each angle, the number of solutions of the * equations of condition * 
is innumerable. The solution of the problem which has the greatest proba- 
bility of truth, could be arrived at by the method of least-squares. This is 
however, a method quite beyond the scope of ' minor triangulation,' in which an 
error of several seconds of arc is unimportant, as regards the accuracy of the final 
result The writer has found, that if three different computers correct inde- 
pendendy, a network of say 30 triangles, composing about 15 polygons, they will 
arrive at practically identical results. They will not indeed apply exactly the 
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same corrections in every instance, but their results will be the same in quality 
or direction, if not in quantity. 

All three will agree in applying laiger corrections to certain angles, lesser to 
others. In a triangulation of the extent indicated, differences of lo" and more 
are unimportant 

Turning now to the method of conducting a triangulation. 
Mefliod of .pjj^ gj^j gjgp jg ^Q select the position of a base-line. For this 

condnstiiiff a 
Trfft ^i«pii f tti i>« purpose a flat and unbroken piece of country is required. The 

length of the base-line should not be less than about one-third 
of the average length of a triangle side. A relatively short base, measured with 
great care, under favourable circumstances, is preferable to a longer base, 
measured with less precision, under less favourable circumstances. It is obviously 
easier to find a place where looo feet can be measured correctly than one where 
3000 feet can be set out, free from obstructions. 

Moreover, it is easy to obtain a secondary and longer base by triangulation. Let 
A B (fig. 103), be the measured base. From its extremities let angles be taken to 
C and D. Then without involving any ill-conditioned triangles, the line D C may 
be made about double A B. Then in like manner 
from D and C observations can be made to £ and 
F, so that £ F the extended base, may be about 
four times the length of the original base. • 

It is better to extend the base, by means of four 
triangles, than by one, for if D C be about twice 
A B, and F £ twice D C, then the angles at C, D, £9 
and F, 'would be about 53^ whereas in the single 
operation the vertical angle would be only about 
28^, thus giving a far lower degree of accuracy for 
the single triangle, than for any one of the four. 
The errors, moreover, of the four triangles will not 
always be in the same direction. They will tend 
more or less to compensate each other, and thus 
the probable error of a distance, determined by a 
series of four well-conditioned triangles, will be less 
than that determined by one ill-conditioned triangle. 
With care, the length of the * extended ' or * working 
base,' may be determined with an accuracy nearly 
if not quite equal, to that of the original base. 

£ven if the surveyor does not possess the means of measuring a base, with 
the highest accuracy, triangulation is still a valuable method. When a network 
of triangles is corrected in the manner above described, the relative positions of 
the sundry points will be determined with great precision. The actual distances 
from point to point, will be determined in terms of the measured base, for if the 
base be measured too long, then all distances will be relatively too long, and 
via versd. The effect of a slight error in the measurement of the base, is not a 
distortion of the plan, but amounts to its being drawn to a slightly different scale 
to that intended. If an error of one part in 2500 were made in the base 
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measarement, the result would be that a plan, whose scale was intended to be 
-^— might be, in reality, or , an unimportant difference, and inap- 
preciable on the paper. 

The question of the proper distance between trigonometrical 

fl|oitable die of points depends laigely on local conditions, such as whether 

diieiiised. ^® formation of the ground be &vourable or not The best 

average length of triangle sides, may be discussed on the 

following lines. 

The positions of the trigonometrical points, as determined by the triangula- 
tion, must be considered to be accurate. They must not be re-adjusted, but all 
subsequent detail field-work must be corrected, so as to agree with the trigono- 
metrical points. 

The adjustment of chained lines or traverses, should never exceed a quantity i 

perceptible on the plan. Hence the length of the triangle side, depends upon | 

the scale of the plan to be produced, and on the probable accuracy of the chain 

or traverse-surveying. Suppose that the plan has to be -^— , and that the prob- 

2500 

able error of chaining or traversing is estimated at i per 1000. Now *ooi of a 

foot (*oi3 inch) is about the least dimension that the draughtsman can work to. 

With the scale -i— adopted, this would represent 2 J feet on the ground. Then 
2500 

the length of the triangle side should be such, that when measured with a chain 

or estimated from a traverse, an error exceeding 2\ feet cannot accumulate 

between its extremities. As the error of chaining has been assumed to be i per 

1000, the average distance between the trigonometrical points should not exceed 

2500 feet, say half a mile. If the plan were to be on the scale (6 inches to 

X 0,000 

1 mile nearly) then the error on the paper of • 001 foot would represent 10 feet on 

the ground. With the same error in chaining, the length of side might be 

10,000 feet, say two miles. 

Again, in a broken and rugged country where chaining would be inaccurate, 
the trigonometrical points should be more numerous than in an open, smooth 
country, where the best work can be expected. 

Generally, a side of from three-quarters of a mile to a mile in length is con- 
venient If much shorter, a very slight displacement of the signal observed to, 
causes inconveniently large errors. If plans on a large scale are to be prepared, 
for which according to the principles laid down, more numerous points would be 
desirable, it would be preferable to resort to * intersected ' subsidiary points, deter- 
mined in a manner hereinafter described. 

Even were the plan proposed in the first instance to be on 

Kiimlmr of ^ 5^]^ ^f _}^ — j^ would be desirable to work with a degree 

Trig. Pointi. 60,000 

of accuracy that would allow of the survey being plotted to a 

larger scale at some future date. The number of trigonometrical points within a 

given area must be considered on its merits in each case. The surveyor will 
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not be able to arrange his pomts, so that all his sides are equal, and of the 
desired length. Much depends upon the nature of the countiy and even on the 
funds available. The principles above stated will, however, serve as a general 
guide. 

It is economical in the end, and always satisfactory, to spend a considerable 
amount of time in locating the trigonometrical points so that ill-conditioned tri- 
angles may, as far as possible, be avoided, and so that the trixuigles may be 
symmetrically grouped, forming polygons without redundant or deficient rays. 
Selecting, and A considerable number of points should be located and 

Marking, marked before commencing the observation of angles, for if this 

Trig. Point!. jg ^^j done, it may be found that though well placed as regards 
each other, some are so situated as to make further extension difficult It is not 
essential that the signals should be set up. The points should be fixed and 
marked in a permanent manner as for traverse-surveying, and it must be remem- 
bered, that in the case of triangulation, permanence is of the greatest importance. 
Whilst locating points, it is desirable to prepare a skeleton plan to an 
approximate scale, showing their positions. Such a plan will prove most useful 
as the work proceeds. For this purpose, a compass, pocket-sextant, plane-table, 
or even a small theodoHte, (using it as a compass), may be employed. For 
measuring distances approximately, the telescope of the theodolite may be pro- 
vided with subtense wires, visually subtending i foot at 200 feet Then by using 
a staff 16 feet long boldly graduated to feet, a rough approximation to distances 
up to 3000 feet may be obtained, and information obtained that will often be valu- 
able (especially if a stafif-holder has to be sent to put up a mark). A Watkins or 
Weldon range-finder, may be useful, and a powerful binocular is almost essential. 
It is not possible to lay down any fixed rule of procedure, for the location 
of points. Much depends on the nature of the country, and the facilities for 
getting from place to place. If loco- 
motion were free, the following routine 
might be followed {^ide fig. 104). 
Starting from i the point 2 might be 
selected. The distance 1-2 being 
measured approximately would serve 
as a base for the skeleton plan. The 
compass bearing of 1-2 should be 
taken. Then 3, 4, 5, 6, and 7 might 
be located, and their positions deter- 
mined by intersected bearings, the 
same being plotted on the skeleton 
plan, then and there, with the protrac- 
tor. Then some point such as 7 might be selected as the centre of an interlacing 
polygon, which might be completed by fixing 8, 9, and 10, and so on. When 
standing at each point, the neighbourhood should be examined, with a view to 
ascertaining the possibility of seeing other points, and bearings to natural objects 
may be taken to serve as guides in fixing further points. 

To locate points properly is always laborious, especially when new to the 
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work, and the eye is not habituated to judge distances. The assistance of an 
intelligent foreman chainman is most valuable, a person who can be sent to select 
a point, with some amount of judgment, and not taking up a position whence but 
one or two other points can be seen. 

The selection, and location of points, is so important that 
Trig. ?oiiiti it should be performed by the chief surveyor himself. The 
''uauA^ thA observation of the angles may be reduced to a matter of routine, 
Ohitf 8wT«7or. ^^^ "^X ^ effected by subordinate surveyors. Thus in an ex- 
tended survey, the chief surveyor locating points, may keep 
several assistants fully employed in observing angles. 

The value of the trigonometrical points, does not cease with the completion 
of the survey. They are of the utmost use when the plans, on account of new 
constructions, have to be corrected up to date. Surveys for new roads, railways, 
and the like, should be connected to trigonometrical points, as well as those of 
land granted or sold. If the survey be one conducted by Government, a law 
should be provided giving power to mark survey points, making it a punishable 
offence to remove, destroy, or obliterate them. If, on account of the construction 
of a building, a survey point must be removed, then notice should be given to the 
officer in chaige of surveys, who will, if necessary, fix a new mark, near to the 
old one. Moreover all Licensed Surveyors should be bound by law, to connect 
their work to established survey points. This being done, and copies of their 
surveys and traverse-sheets being deposited with the officer in charge of the 
Government Surveys, a complete map may be compiled, pari passu with the 
occupation of the land. 

The survey points should therefore be marked in the most permanent 
manner possible. In addition to this, measurements should be made to fixed 
and permanent objects. These should be recorded on sketches, showing the 
measurements on plan, and the elevation and appearance of the objects to which 
the measurements were made. These sketches should be copied into a book 
kept for the purpose, and accompanied by a fiill verbal description. Not only 
should the points be marked in a permanent manner, but means should be 
provided for their recovery, if they be lost or obliterated. 

Masonry pillars are generally useful as survey marks. They should be founded 
deep enough to be below the range of surface disturbances due to tillage. If 
made high enough to serve as a stand for a three-screw theodolite, it would be 
convenient The fimds at the surveyor's disposal will, however, rarely suffice to 
erect such high pillars of sufficiently substantial construction, to resist the rubbing 
of cattle and other destructive tendencies. 

The surveyor will therefore have to rest satisfied with marks 
*^[™jjj''' but little, if at all, above the level of the ground, erecting tem- 
porary signals when observing. If there be rock on the surface, 
a permanent mark may be made by drilling a hole and driving in an iron plug. 
Or the hole might be filled with Portland cement, a nail being inserted on the 
top to mark the exact centre. To protect the mark and indicate its position, 
a cairn of stones may be erected over it, and this will serve to hold up the 
observing signal. 
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If no objects in the immediate neighbourhood of the trigonometrical point be 
available for fixing measurements, it will in some cases be possible to fix by 
cross bearings, each being determined by two objects in line. Thus, for example, 
the line joining the left-hand angles of the buildings A and B (fig. 105) might in- 
tersect that joining the right-hand angle of C and the left of D in some point X 
not far from the trigonometrical point O. Then by foiu: measurements abcdib& 
point O would be fixed. Sketches should be made, showing the appearance of 
the objects when in line. 

The trigonometrical points, having to be so low as to permit of the theodolite 
being placed over them, will not be visible from a distance, hence some temporary 
mark, or signal, must be erected to observe to. 





PIG. 105. 



PIG. 106. 



If the distances be not great, an ordinary ranging rod answers as well as 
anything else. If labour be cheap, nothing can be better than rods of this kind, 
each held on the mark by a man. If the staff-holder stands heels together behind 
the mark, and facing the observer, with the point of the rod on the centre of the 
mark, and holding it between the palms of his hands in front of his nose, perpen- 
dicularity will be secured. 

Flags are of little use as signals. If there be wind enough to display the flag, 
the staff is apt to be pulled sideways. If there be no wind (the best condition for 
observing), the flag hangs down and is useless. 

It will generally happen that semi-permanent signals, fixed so as to dispense 
with the attendance of a man, have to be used. A good form consists of a piece 
of J j^-inch to 3-inch scantling (fig. 106), as straight as possible, to the top of which 
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two pieces of board are nailed at right angles to each other, as shown in the 
sketch. A coat of whitewash over the boards and rod, makes the signal very 
distinct with most backgrounds. Sometimes however it may be well to paint 
the signals red for a green background, black for a pale grey, such as ploughed 
land. The signal may be fixed over the mark, either with a small 
pile of stones or by means of three struts, of similar scantling to the 
signal staff. 

A very good signal is made by lashing a number of twigs to a pole 
or scantling, after the manner of an ordinary besom {^ide fig. 107). 
In lieu of ordinary twigs, the writer has used a bunch of bright 
coloured flowers, often found in tropical forests, which made a most 
conspicuous signal against a green background. 

Admiral Belcher in his treatise on Marine Surveying has suggested 
a form of signal which would appear to be useful, {^nde fig. 108). 
The signal consists of a rope, stout enough to be visible, and 
stretched with a heavy weight, suspended from a tripod consisting of 
three poles lashed together. The weight may be a basket or bucket, 
with a stout spike fixed to the bottom, and filled with stones, earth, or 
water, obtained on the spot. The rope will in any case be perpendicular. If 
blown aside by the wind, the displacement at the the top will be slight, 
probably less than the displacement of an ordinary signal. Any oscillation may 
be bisected by the wire of the theodo- 
lite. If the point of the spike be not 
exactiy below the centre of gravity of 
the bucket or basket, correct centering 
may be effected by spinning it, and mov- 
ing the legs till the point describes a 
circle having the mark for a centre. 
The rope might be painted with different 
colours to make it conspicuous, or a 
double cone of painted canvas might be 
attached to it 

The following description of the 
heliotrope, and luminous signals, is 
taken from Thuillier and Smyth's Manual 
of Surveying for India : — 

"Vase lights were invented by 
Colonel Everest nearly fifty years ago, 
and completely altered the operations 
of the Great Trigonometrical Survey in 
India, which had previously to be carried 
on in the unhealthy season of the rains, 

in order that the opaque signals, such as flags, might be clearly seen. By 
enabling observations to be rapidly taken at night, the progress of the work 
was also much accelerated. 

" The vase light consists of a common earthen dish about ten inches in 




PIG. lOS. 



Digitized by 



Google 



MINOR TRIANGULATION. 



189 



diameter (more or less, according to distance), and filled with* cotton seeds and 
common oil. This is placed upon the station, and to prevent the flame being 
blown aside, a large earthen pot, in the side of which an aperture has been cut, 
is inverted over the dish, as shown in the diagram (fig. 109) ; an aperture is also 
cut in the top to allow the smoke to escape. Further protection is necessary from 
high wind by means of grass screens and blankets, leaving merely the requisite 
opening in the direction of the observer. The materials for this light are pro- 
curable in nearly every village. 

" Trigonometrical operations in Southern India were entirely conducted by 
means of the foregoing signals, more especially the vase light for principal 
stations, and the pole and brush for secondary points. During the last seven- 
teen years, however, signals of modem invention have been employed on 
account of their superior economy, convenience, and power. These consist of 
heliotropes, Argand reverberatory lamps, and Drummond lights. The latter 
surpass all previous contrivances. A ball of lime, about a quarter of an inch in 
diameter, placed in the focus of a parabolic reflector, and raised to an intense 
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heat by a stream of oxygen gas directed through a flame of alcohol, produces 
a light eighty times as intense as that given by an Argand burner, and is visible 
even in hazy weather at a distance of 60 to 80 miles. 

" The heliotrope consists of a circular piece of flat plate-glass mirror, about 
9 inches in diameter, with a small imsilvered aperture in the centre about 0*1 
of an inch in diameter, as represented by fig. no. This mirror is mounted 
on a frame, which stands on a tripod for the sake of steadiness. The frame 
admits of the looking-glass being turned on a horizontal as well as a vertical 
axis. These two motions in altitude and azimuth are regulated by means of 
rackwork, and they permit the reflection of the sun's rays to be turned in any 
required direction. In order that it may be directed truly to the observer, a 
ring with cross wires (fig. 1 11) is placed at a distance of about three feet ; the 
signalman then looks through the unsilvered aperture in the centre of the 
heliotrope, and moves the cross wires until they intersect the distant station. 
Thus the centre of the heliotrope, the centre of the wires, and the observer's 
station form one straight line. Now, if by means of the rackwork, the mirror is 
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moved in altitude and in azimuth, until the sun's lays fall on the wires, it is 
evident that the light will proceed straight to the observer's station, but the 
pencil of rays must be duly bisected by the wires, which intersection can be 
managed with ease and delicacy by means of a little circle of white paper placed 
at the crossing of the wires, upon which paper the reflection of the little aperture 
in the centre of the mirror may be seen like a small dark speck. When the 
weather is hazy, the signalman will, of course, be unable to see the observer's 
station, in which case, imless a nearer mark has been given to guide him, or a 
directing line drawn for him, he will be so far helpless. Under such circum- 
stances, the observer ought to direct one or more heliotropes towards the man, 
and keep them playing until he has adjusted his apparatus. Similarly, if the 
man is careless, and neglects to keep the sun's rays constantly shining in the 
true direction, the observer has only to flash a heUotrope at him to keep him 
alert A heliotrope of nine inches will answer for 90 or 100 miles, for nearer 
distances it is much too bright to be observed through a telescope, and the 
light must be diminished in the following proportion. For distances of two or 
three miles (the usual distance of a referring mark) an aperture of o * 25 of an inch 
will answer, and for longer distances about 0*1 of an inch of aperture per mile of 
distance will suffice, viz. an inch for 10 miles, two inches for 20 miles, and so 
on, provided always the apparatus is carefiilly adjusted and the man who works 
it is alert and skilful. 

''These apertures are cut in a board (flg. 112) which stands upon three 
feet, by means of which the centre of the aperture can be adjusted plumb over 
the station mark. This board is called a sight-vane, and stones are placed on 
the tail piece to prevent its being 
disturbed by the action of the wind. 
If this sight-vane be used, the wires 
before described are unnecessary, 
because cross-hairs can be fixed in 
the vane, and will become a sub- 
stitute for the wires. The heliotrope 
is in this case placed two or three 
feet in rear of the sight-vane, and 
moved laterally and vertically, until the eye, applied to the centre unsilvered dot, 
views the observer's station and the cross-hairs in one line. The heliotrope 
must be secured in this position, and the means of doing so will readily suggest 
themselves. It is needless to say that it must be quite firm. 

" A very good substitute for a regular heliotrope has been frequently made 
out of a good looking-glass with a flat surface {pide fig. 113). A small hole is 
drilled through the centre of the back board of the looking-glass, and the 
silvering scraped off; this aperture should be truly centrical. The looking- 
glass is then swung in a frame of wood in such a way that the axis of motion 
shall pass through the unsilvered aperture. This frame is fixed upon a vertical 
axis, which ought also to coincide with the unsilvered dot in the mirror. 
Finally the vertical axis is planted on a board, with 3 foot-screws for adjustment 
They have been frequendy used with success, on the subordinate series of the 
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Great Trigonometrical Survey as well as in the Revenue Survey, and being 
powerful as well as economical instruments, they will be found very useful. 
By means of them and vase lights, work can be carried on with great rapidity, 
because the only limit to the times at which observations can be made will be 
from 9 o'clock a.m. to 2\ or 3 o'clock p.m. But the heliotrope is more par- 
ticularly recommended for the purpose of taking vertical angles with certainty 
between the hours of 2} and 3} afternoon, which is the time of minimum refrac- 
tion, because verticals taken at any other time are subject to great irregularities, 
whereby heights deduced from them are nearly worthless. Liuninous objects 
are much more correctly, rapidly, and comfortably observed than opaque ones, 
which, if distant, are always iJEunt, and disappear when brought near the wire of 
the telescope." 
^^^^ The adjustment of the theodolite and its general use, have 

ABfflM I17 ^^^^ already described. It will be assumed therefore that before 

• B^pttitioB ' commencing the observation of angles, it is practically in perfect 
uid adjustment There are two methods of observing angles, by 

«S«it«ratioiL' which more correct values can be obtained than is possible with 
one single measurement These are ' repetition ' and ' reiteration* 

In ' repetition,' the procedure is as follows. With the two plates clamped to 
zero, unclamp the ' lower plate ' and direct the telescope to one of the objects, 
(the angle between which is to be measured), say, that on the left Clamp the 
Mower plate' and make the bisection with the lower tangent screw. Now un- 
clamp the 'upper plate' and bisect the right4iand signal. The verniers now 
read the desired angle. Now unclamp the ' lower plate,' keeping the upper and 
lower plates firmly clamped together, direct to the left-hand object, bisecting 
it by means of the lower tangent screw. Now unclamp the ' upper plate,' and 
bisect the right-hand signal The verniers now should read exacdy twice the 
desired angle. Proceed in the same manner till the angle has been measured 
many times. The final reading of the vernier, divided by the number of read- 
ings, will be the value of the desired angle, and will be much more correct 
than any one reading. This method is due to Borda. It was at first thought 
that by a sufficient number of repetitions, the true value of an angle could be 
obtained to a fraction of a second, with a small and inferior instrument Expe- 
rience however shows that this is not the case. There is a limit beyond which 
repetirion produces no improvement Errors due to slip and flexure, accumu- 
late and prevent extreme accuracy, though a moderate number of repetitions 
reduce graduation error, by measuring the angle at different parts of the circle. 
To some extent it reduces errors in bisecting the objects aimed at, for it is rea- 
sonable to suppose that the cross-wire will not be always laid on the same side 
of the true centre. Repetition, however, does not eliminate the most serious 
source of error of all, namely displacement of the signal observed to. If, as is 
very often the case, in broken countries, the top of a signal 10 or 15 feet high 
can alone be seen, it is quite possible that the centre of the signal at its top, may 
be as much as 3 inches out of the perpendicular line through the centre of the 
trigonometrical point, either from its being incorrectly set up in the first instance, 
or blown aside by the wind If the displacement of 3 inches were at right angles 
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to the line of vision, it would subtend at 2500 feet, an angle of about 20 sees. 
It is clearly useless to attempt to measure angles to a single second by repetition, 
when a ' periodical ' error, that is to say, an error occurring in the same direction 
in every observation, and amounting to several seconds, may exist 

For the purposes of a minor triangulation, 'repetition' is far too laborious. 
Amply sufficient accuracy may be obtained by * reiteration.' In observing by 
' reiteration ' the leading vernier is set approximately to zero, and the plates 
are clamped together. The whole instrument is turned round, and some one 
signal or mark, called the 'referring object' or R. O. is bisected. All the 
verniers are then read and recorded. Then, the limb remaining stationary, the 
several signals are bisected in succession, and the reading of each successive 
point round the circle is recorded, after the manner of ' bearings.' Lastly the 
' referring object ' is again bisected. This reading should coincide with the first. 
If it does not, then some slip or torsion of the stand has taken place, or the 
referring signal has moved. If the second reading of the ' referring object ' differs 
seriously from the first, the round is worthless and must be re-observed. If the 
difference does not exceed, say a minute, both readings should be recorded and 
their mean used in subsequent calculation. The reading of the ' referring object* 
must not be assumed to be zero. 

The plates are then imdamped, and the leading vernier is set to some other 
angle, say approximately 60° or 90°, and the operation is repeated, and so on. 
The minutes and seconds should be nearly identical with those of the first 
readings, the degrees varying by the constant number of degrees. It is therefore 
merely necessary in the second and subsequent reiterations, to read the minutes 
and seconds. 

The mean of all the readings of all verniers is then worked out to the nearest 
second, and the angles are obtained by successive subtraction. 

For the purposes of a ' minor triangulation,' two 'reiterations' usually suffice, 
provided that the instrument be well graduated, and solidly constructed. If the 
instrument be of the ' Transit ' or ' Everest ' type, the first round should be taken 
' face left ' (that is with the vertical arc on the left of the observer), and the second 
' face right' If the theodolite be provided with three verniers it will not be 
necessary to alter the position of the graduated arcs. Suppose that the first 
round were taken 'face left' with the leading vernier A set to zero, B to 120^ 
and C to 240^ then transit the telescope and turn it through 180°, so as to bring 
it ' face right,' and again bisect the zero station, A vernier wDl read 180**, B 300^ 
and C 60**. Thus, each angle will be read on six parts of the limb. 

If on the other hand there be two verniers only, then the zero station should 
be bisected for the second round, with the leading vernier set to some other angle 
such as 60° or 90^ 

If a cradle theodolite be used, then the effect of ' face right' and ' fiaice left ' 
may be attained by shifting the telescope end-for-end in the Ys and turning it 
upside down, so that the level, normally beneath the telescope, is above it 

It is well also to observe the second round of angles, in the opposite direction 
to the first That is to say, if the telescope has been, on the first round, directed 
to the successive points from left to right, with the hands of the dock, then for 
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the second round, it should be moved in the opposite direction. This tends to. 
eliminate slip or torsion. It is also well to bring the cross-hairs on to each signal 
by the tangent screw in the opposite direction on the second round, to that on the 
first That is to say, that for the first round, the cross hairs should be brought by 
hand, before the plates are damped, slightly to the left (say) of the object, and 
after clamping, the bisection should be made by the tangent screw, moving the 
telescope from left to right, whilst, on the second round the bisection should be 
made moving it from right to left. This tends to eliminate spring, and personal 
bias in bisection. 

The readings of all verniers should be recorded to the nearest amount visible, 
without bias, or any attempt to obtain agreement The surveyor must expect 
appreciable discrepancies, due partly to defective graduation, partly to errors 
of bisection. Indeed the whole object of ' reiteration ' is to eliminate such 
errors. The second, as well as the first reading to the 'referring object,' 
should be recorded for each round, and the mean of the two means used, in 
computing the angles. If the second reading differs materially from the first, 
say by a minute or more, something has gone wrong and the round must be 
repeated, the stand has perhaps been kicked or the wrong tangent screw touched 
by mistake. 

It is scarcely necessaiy to say, that the theodolite must be accurately centred 
over the station point, by means of the plumb-bob. It must also be carefully 
levelled, using the large level attached to the telescope or vertical arc, and not 
the small levds on the upper plate. The levelling should be tested and corrected 
before and after each round. 

The stand must be firmly planted on the ground. If this be at all soft, stakes 
about four inches square should be driven down firmly, and cut off with a notch 
in each, to receive the point of the legs. 

'^'AasAisA The principal sources of error in observation are as 

r"'!!!!^.*™* follows. 

in ObMrving. 

^^ I. Error in centering the theodolite at the station of 

Oantoing. observation. A little care will reduce this to a negligible 

quantity. 
Srior in ^' Sn'or in levelling, i.e. the error due to the axis not being 

L«Y«|]i]ig. truly vertical, by which the angles are measured not in a hori- 

zontal plane, but in one slightly inclined to the horizon* If the 
instrument be in good adjustment, carefully and firmly set up, and levelled with 
the large level, this will also be a negligible quantity. 

3. Error due to (structural) dislevelment of the cross axis of 

Xrm dnt to the telescope. This axis, though the limb be horizontal, might 

^d^ebnent j^^ hjgijgj ^X one end than the other, and consequently the line 

^^ ^ of tlia ^^ collimadon of the telescope would sweep out, a slightly 

Tolofoope. inclmed, instead of a vertical plane. A little consideration will 

show that, if all the signals observed were in one horizontal 

plane, no error would be produced. In good instruments well adjusted, the 

dislevelment of telescope axis is very small, so that appreciable error is only 



Digitized by 



Google 



194 SURVEYING. 

produced, when the signals are at very different elevations. Any error from 
this cause is entirely eliminated by face-left and face-right 'reiterations.' 

4. Error in collimation, i.e. when the line of sight of the 
^uwtiA telescope, as marked by the cross-wires, is not at right angles to 

the axis, and consequently as the telescope revolves the line of 
sight sweeps out, not a plane as it should do, if at right angles, but a cone. 
CoUimation error has no effect when the signals are all in the same plane, and is 
entirely eliminated by face-left and face-right ' reiteration.' For this reason and 
for the elimination of axis dislevelment error, ' reiterations ' should be made in 
pairs ' face right ' and ' face left' If two ' reiterations ' are insufficient^ then four 
or six should be made. 
^ 5. Error in graduation. If the instrument be divided with a 

OndnatioiL ^^^ dividing engine, this should not be great It is, to a large 
extent due to imperfect centering of the limb, on the dividing 
engine. Partly also to shake in the tool which cuts the strokes. In a well- 
divided limb, it is rare to find any one graduation perceptibly out of position, with 
r^;ard to those adjacent to it The tendency is rather for the graduations to 
be slightly closer together at one part of the limb, and wider apart at another, the 
change being gradual If the limb be tested by * repetition,' the successive angles 
should vary progressively and gradually, incretKingzxA then diminishing. Irregular 
changes in value would indicate a bad limb, or careless observation. Graduation 
error is to some extent eliminated by * reiteration ' but not entirely. The best 
plan is to purchase the instrument direct from a maker who possesses a good 
dividing engine. There are many instruments in the market made by persons 
who do not possess dividing engines, but get the dividing done by some one else. 
Such an instrument may or may not be well divided. 

SUmiBation of « « « • 

6. Errors due to bad centenng are elimuiated by ' reiteration.' 



ted Oantdrlng 

oflnftnunent'i y. Error due to displacement of the signal. Inatriai^fulation, 

'^^ this is probably the greatest and most common source of error. 

Irror diu to '^'^ remarks made above on this pomt, under 'Traveise- 

diipUoaaeiit surveying' apply now with equal force. When possible the 

of Signal observation should be made to the point of a staff, held on the 

station point, or at least as law down €u possible. Unfortunately 

this cannot always be done, since observations have often to be made to the 

summit of a signal, perhaps fifteen or twenty feet high. This error cannot be 

eliminated by * reiteration ' or * repetition.' There is nothing for it, therefore, but 

to take the utmost care in setting up, and securing the signals, so tha^the 

summit observed, is, and remains, p^pendicularly above the station point If the 

signal is 30 feet high or more, it will be best to use the theodolite to set it up, as 

follows. Place the foot of the pole, when a tripod is not used, a little to one side 

of the station mark and then set up, and adjust, the theodolite some 50 feet or 

more from the station mark. Bisect the station mark, and clamp the limbs, 

elevate the telescope, and by means of guy-ropes make the apex of the pole 

coincide with the cross-wires. Make fast the guys. Repeat this operation in a 
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plane at right angles to the first, using two other gu}'s. The summit is now 
peipendicularly above the station point. 
-^ . 8. Error of bisection, i.e. the cross-hairs are not directec •xactly 

IWif flt inm. ^0 ^^ centre of the signal. With care and with the short sides 

used in minor triangulation, this error should not be serious. It 
depends upon several factors, viz. the accuracy of focussing, the eye of the ob- 
server, the defining-power of the instrument, the definiteness of the signal, and the 
state of the atmosphere. If the telescope be not accurately focussed, so that the 
image of the signal is not in the plane of the cross-hairs, the object will flit about, 
if the observer moves his eye slightly up and down, or from side to side. The 
object-glass and eye-piece must be carefiilly adjusted, so that the object remains 
steadily bisected, in all positions of the eye. As regards the eye of the observer, 
the only thing that can be done is to use properly made spectacles, if his sight be 
imperfect It often happens that the eye-piece of the telescope cannot be pushed 
near enough to the cross-hairs, for distinct vision by a short-sighted person, but this 
can easily be remedied by filing down the end of the tube into which the eye-piece 
fits. If the object-glass be indifferent, the image of the signal will be indistinct 
and blurred, and accurate bisection cannot be expected. A bad telescope is 
a nuisance, for in addition to difficulty of bisection, it is difficult to recognise 
distant signals. The following rough tests are useful. A well-defined distant 
object should come rapidly into, and out of focus, and a very little ttiotion of the 
adjusting pinion should make the difference between distinctness and indistinct- 
ness. If the object keeps fairly distinct, through a considerable range of motion 
of the object-glass, the figure of the object-glass is imperfect, Le. different parts of 
the object-glass have different lengths of focus. 

On examining a bright fixed star it should appear as a point surrounded with 

rays of equal length. If there is a blurred ' vring ' thus ^ the glass is defective. 

Tfrttfig of Theodolites and sextants can be tested at the Kew Observa- 

Xoftromaiti tory, for a very moderate fee, in all points, such as graduation, 

at X0w quality of telescope, &c. When ordering from abroad, it is well 

ObMflrftttory. ^^ ^|^ f^j. ^ j^^^ certificate. This should never be omitted in 

the case of sextants, which cannot be tested by the surveyor, and of which the 

graduation errors are often much greater than would be supposed. 

The magnifying power of the telescope is usually sufficient 

J^f^^5°^ for ^® power of the limb. Owing to its internal construction, a 

TdaMope. normal eye can separate two small objects at such a distance 

from each other, as to subtend about one minute of arc. If 

therefore the telescope magnify ten times, then, if optically good, an object should 

be observed to one-tenth of that amount, or 6 sees., which is less than the amount 

that can be read on an ordinary theodolite limb. For ordinary purposes, therefore, 

clearness and good definition are more important than very high magnifying power. 

In hot climates the atmosphere often ' boils ' at certain times 

^^^^^^ o^ t^e day. When this takes place it is useless to observe, the 

H«t ^^m ftt rr signal will dance about and become distorted in so erratic a 

manner, that accurate work is impossible. To attempt to ob« 

serve under these conditions merely amounts to loss of time and temper. 

o a 
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form of * Hold. '^^ annexed (Table F) is a convenient form of ' Field-Book ' 

Book ' and for recording observations, and refers to fig. zoa. 

ontrioo The * mean bearings ' having been worked out in the * Field- 

^'**"*"* Book/ the included angles from station to station are next com- 

puted by successive subtraction, deducting each 'bearing' from the next greater. 
The observed value of the several angles of each triangle, should then be in- 
scribed each in its position on the ' diagram of triangulation,' (made during the 
location of the points), or on a rough diagram made by plotting the angles with 
a common protractor. With this before him, the surveyor now enters the ' mean 
observed angles,' polygon by polygon, in the 'correction-sheet,* (described above, 
page \Zo et seg.)^ and proceeds with the correction as already explained 

All is now ready for the computation of sides. The at- 

Compntation of (^ched table (G) is a convenient form, being that used in the 

fho Sidof in a ' -o 

Triangulation. Topographical survey of India. The angles, &c., are those of the 

same triangulation as that of the ' correction sheet ' just given. 
First, the observed angles are entered from the ' diagram of 
'5™ °Lf triangulation.' (In copying from document to document, always 

go back to the primitive document, in this case the ' diagram of 



triangulation.) Then by comparing the angles inscribed in the 
* camputaHon sheet^ with those of the * correction sheets any error may be detected 
in time. Next the ^corrections^ are entered from the * correction sheet* and being 
applied, the * corrected angles ' are entered in the column provided for them. The 
three angles of each triangle are entered one above the other, placing the angle 
subtending the side known, by previous computation, in the middle. The several 
triangles are arranged in chains or circuits, starting with the base, or a side known 
from previous computation, and closing again upon it, or running from one known 
side, to close 6n another known side. The best way of doing this will be apparent 
from the ' diagram of triangulation.' The log sines of the angles are then looked 
out to single seconds and written in their proper place. If the surveyor has no 
one to check him, it will be well at this stage to compare the log sines just ob- 
tained, with those of the ' correction sheet' Adding to, or deducting from the 
latter, the ' log differences ' corresponding to the ' corrections ' adopted, the two 
sets of log sines should agree. 

Next, the middle log sine is subtracted from the one above it, and from that 
below it, and the remainders are entered in the column headed ' log differences.' 
When this operation is complete for the whole series, the log of the known side 
is entered in the column ' logs of sides,' in the middle line, against the angle 
which is opposite to it It is then added to the ' log differences,' and the ' sums ' 
are entered in the column ' logs of sides.' The log of the side common to the 
first and second triangles is carried into the middle line of the second triangle, 
and so on till the ' log sines ' of all sides are obtained. Their values can now 
be looked out 

If the summation of the angles of each triangle, and the central aisles, have 
been corrected to the last second of arc, and if the summation of ' log sines ' has 
been corrected to the sixth figure from the left of the sum, then the computed 
value of last side of the series or chain of triangles should agree with the original 
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Talue, to at least five significant figures from the left. If it do not, then an 
arithmetical error has been committed. 

Other chains of triangles are now computed in like manner, until the sides 

of all the triangles have been determined. At this stage of the proceedings, the 

differences ' between two values of any side should be so small as to be n^ligible. 

The next, and final operation, is the computation of the ' co- 

O^w^u^ ordinates ' of the trigonometrical points. The ' bearing* of some 

long line, preferably near to the middle of the survey, is deter* 

mined astronomically. The point at which the bearing is determined, becomes 

the true origin of the survey, and the ' meridian ' through that point is the ' prime 

meridian ' for the whole survey, as in traverse-surveying. For the purpose of 

computation it is well to assume an auxiliary origin wholly outside the survey so 

that all the ' meridional distances ' and ' perpendiculars ' will be of the same name. 

If the ' diagram of triangulation ' has been made to scale, it will be easy to see 

the value that must be assumed for the ' co-ordinates ' of the auxiliary origin, to 

attain that end. 

Taking the known 'bearing' of the primitive side, a series of closed traverses 
are set up, which include every point on the survey. The ' bearings ' of the sides 
are now computed from the corrected angles of the ' computation sheet,' by the 
precept given under traverse-surveying, working to single seconds (as the angles 
will be internal angles when summed, they should be arranged in series against 
the sun). This operation will be facilitated by inscribing the ' corrected angles ' 
in red ink on the skeleton triangulation. As the 'corrected angles' are in every 
case computable as for a closed polygon, there should be no angular error. Next, 
the 'northings,' 'southings,' 'eastings,' and 'westings,' are computed in the 
usual manner, excepting that as single seconds are to be worked to, the com- 
putation should be made logarithmicaUy and not with the traverse table. 

The error in summation of N. S. £. W., should be exceedingly small, so 
much so, that it should be adjustable by a very slight correction. This done, 
the 'co-ordinates' are computed in the same manner as for ordinary traverse^ 
surveying. 

A convenient form of computation is shown in the accompanying table (H), 
being that of the triangulation already mentioned. 

The next step is to arrange the sheets, on which the survey 
toiaganmtaf jg ^^ ^^ plotted. The ' diagram of triangulation ' wiU be use- 
piftfc^fig. iul for this purpose. First, lay off the ' prime meridian,' the 

' auxiliary meridian' and the ' origin.' Then draw a number of 
squares or rectangles, so that the sides represent a round number of feet, accord- 
ing to the scale that is to be used. Each sheet should have at least three trigono- 
metrical points upon it It is, in every way desirable, that the sheet should not 
be too large. The smaller the sheet, the greater the number of draughtsmen 
that can be employed on the plan at once. It is well to provide a margin 
or overlap round each sheet say o' i foot wide, common to the adjacent sheets. 
This will be found exceedingly handy when filling in detail. It is moreover 
most convenient, when several sheets have to be consulted together. A point on 
the common margin is also most useful when making a measurement involving two 



Digitized by 



Google 



\Tofaee pagt 198. (i.) 



PQPQc/} 















»>. COM 

m Q\ CO 
«*> J^ Q 









^'S 



Ha 

Ov ON O^ 

to to to 



>0 . CO 

:? 8 



t 

b 






to . to 






00 N JTv 

Onw 00 



If! 



o t>>*4 

»noo m 

00 o^ o^ 
Ov o^ o^ 



8"ft 

town 
»iS00 

p 

o^ o^ o^ 



r«»vp to 

OktOW 
O^QO O^ 

On O^ O^ 



8 
8 
<8 



to** I 



»:rR 



^unO\ 



co»nco 



9^% 



s, 



s. 



%s,% 



s, 



s 



+ 



mtoii^ 
M t« O 
I I + 



+ I + 



r+-+ I 



+ I I 



00 OQO 

T + 



+ + + 



J 



N Q 



ss>a 



^oo 



8,^ 



<!B 






<s 



<!B 



£w 



cS 



coum 



coQU 



D^H-. 



OJ« 



h:;:z;o 



:z:S^ 






OQ (0 




►^ O 



X J 






o z 




s 



Digitized by 



Google 






Digitized by 



Google 



7> fact page 198. (il.) 









Co-ordinates. 






Caidinal 
Points. 


^Mtinci. 




Pbint. 








— 




\ 


North. 


West. 




— 


N.W. 


i 




■ 






N.E. 




.. 


49854-0 


58723-0 


B 




N.W. 




[805-3 


552778 


58526-8 


C 




S.W. 




1224*1 


57666-9 


62332-0 


D 




S.W. 




433*1 


54964-6 


64556-1 


E 




s.w; 




859-7 


53906-0 


709892 


F 




s.w. 




i86'9 


51345*3 


718489 


G 




S.E. 




•■ 


48431-0 


73035 -8 


H 




S.E. 




•• 


43372-7 


71268-6 


J 




N.E. 




•• 


40156-6 


67287-7 


K 




N.E. 




• • 


41070-5 


62855-7 


L 




N.W. 




59^'3 


41949-6 


57545-5 


M 




N.W. 




587-3 


44994-5 
498540 


58135*8 
58723-1 


A 


- 


;686-6 


B 


- 


S.E. 




•• 


• ■ 




• • 




N.E. 




•• 


43372 -7 


71268-6 


J 




N.E. 




v« 


45822- 7 


66370-4 







N.E. 




.• 


489438 


63333-5 


R 




N.W. 




^991- 5 


526289 


61564-6 


S 


- 


S.W. 







54964-7 

• • 


64556 I 


E 


1 


N.W. 










•• 




N.W. 




8841-5 


49854-0 


587230 


B 


i 


S.W. 




^999•l 


52628-9 


61564-5 


S 




s.w. 




981-7 


51152-8 


665636 


Q 




S.E. 




.. 


48385-0 


67545*3 


p 


! 


S.E. 




.. 


45822-7 


66370-2 







N.E. 




•• 


44522-4 


61348-1 


N 




N.W. 




587-3 


44994-5 
49854-0 


58«35-7 
58723 


A 




>409-6 


B 








Die 


3itized by V^J' 


















Digitized by 



Google 



MINOR TR. 




TION. 



199 



sheets. The sheets are prepared, and the points plotted, in the manner indicated 
for traverse-surveying. 

It is sometimes desirable to observe to an object, at which 

ITm jrf SftUUiU ^ theodolite cannot be put up, although it can be placed near to 

^ ^1^1,^ it For example, the spire of a church or a large flag-staff. In 

the former case though the theodolite caimot be put over the 

spire, a place may be foimd for it on the tower. The spire is observed to^ from 

the surrounding objects, but they, in their turn, are observed ^tf« the tower with 

the instrument placed, perhaps, in four different positions at its comers. The 

problem is, to reduce the angles observed at the lateral or ' satellite ' station, to 

what they would have been if observed at the central point observed to* 

The data for the reduction are as follows : the ' measured distance ' and 
< bearing' from the Satellite to the Central Station, and the lengths of the sides 
AC, C B (fig. 114), computed from the side A B, (to sufficient accuracy for this 
purpose). Let C be the central station, observed to from A, and B. Let S be 
the satellite station from which the angles to A and B have been measured. It 
is desired to find the value of the angle A C B. 




VI6. 114. 



The distance S C is measured, and the angle ASCorBSCis observed 
From the two observed angles at A and B, the angle at C may be computed by 
deducting the siun from z8o^, and the lengths A C and B C computed accurately 
enough for the present purpose. Even, values obtained graphically by protraction 
would suffice. 

Now the angles read at the satellite station, may be considered as 'bearings,' 
and the line to the central station as a ' meridian.' 

Let SCO (fig. 115) (O being zero or north), represent this ' meridian,' then 
the field-book angles may be reduced to ' bearings,' simply by adding to, or de- 
ducting from, each angle as the case may be, some constant angle. The 
' bearings' so obtained will be called ' satellite bearings,' and will be called tf^ 6^ 
&c Draw C A| parallel to S A, C B| parallel to S B, &c 

Now it is clear that the central bearing of A or the angle O C A differs from 
the observed satellite bearing, by the small angle A C A^, which we will call A A« 
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This angle is in turn equal to tlie angle CAS and so on, for the other points, the 
correction being added in the first two quadrants and deducted in the third and 
fourth. The length of the rays being known approximately, 

S inAA SC 
Sin^i ^ CA* 

S C 
.•. SinA A =: j^sinflj. 

With the side C B and tf, calculate the angle A B and so on. In this manner a 
correction may be computed for each observation at S, which, when applied with 
the proper sign, to the original aisles of the field-book, will reduce them to the 
central station C. Deducting each central 'bearing' successively in the usual 
manner, the central 'angles' at C are obtained, which may be entered on the 

O 




' diagram of triangulation,' and further dealt with as if they were observed angles. 
This procedure is rigorously correct, but is laborious. Satellite stations should 
therefore be avoided, though cases may occur when they have to be used. 

It is often convenient to determine intermediate points by 
Pdnti. observing to them from * trigonometrical points,' without ob- 

serving at them. Such points are called ' intersected points.' 
They should be determined from at least two triangles, and being inferior in 
precision to ' trigonometrical points ' they should not be used for any fiirther 
work of triangulation. The position of ' intersected points ' can be determined 
with a degree of accuracy, superior to chain-measurement or traversing. They 
are especially convenient when the plan, or part thereof, has to be plotted to 
a scale so large, that a sheet will not contain a sufficient number of ' trigono- 
metrical points,' or where the latter are not near enough together to prevent 
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an accumulation of unavoidable error, appreciable in plotting. They also serve 
to fix the position of natural objects, such as spires, mill chinmeys, &c. The 
computation of the ' intersected points ' is simple. 

The observed values of the angles O A B, O A C (fig. 1 16) may be obtained in 
two ways from the field-book, by subtracting the mean bearing of the ray A B 
fromtfaatof AO, orAO from AQandof BC from BO, or BO fromBA. But 
though the sums of the two pairs of angles will equal the observed angles ABC 
and BAG, they will not necessarily be equal to the corrected angles adopted 
in triangulation. The difference between the sum of the two observed, and the 
corrected angles, must be taken, and half the difference taken as the correction 
of each of the two angles, adding or subtracting so that the sum of the two 
corrected angles may be equal to the whole angle. 

A complete correction might be effected by treating the triangle A B C as 
a polygon. To the -ordinary equations of condition, a fourth must be added 
namely, that the sum of any pair of adjacent right and left-hand angles must 
be equal to the corresponding ' corrected angle ' of the triangle ABC. Such 
an elaborate correction is rarely requisite. If the point be one of importance^ 
it would be still better to resort to a ' satellite station ' near to the object 




O o 

FIG. Il6. 

Generally, it will suffice to correct the angles so that they sum correctlyr 
Then, deducing the value of the central angle at O (by deducting from i8o°), 
determine O A, O B, and O C, from the two best-conditioned triangles. Com- 
pute the 'bearings' of these lines, and determine the 'difference latitude' and 
* departure ' of O from A, B, and C, respectively. Then, correct the * difference 
latitude ' and ' departure ' found, by small proportional corrections, so that the 
sum or difference of the * difference latitude ' or * departure ' of the ' intersected 
point ' from each ' pair of points,' agrees exactly with the ' difference latitude ' 
of each pair of points, and adopt the mean position so obtained. 

If the position of three points is known, the position of a 
fixing the fourth may be obtained, by observing at it, the angles which 

JJ^J^^*^^* the three points subtend. 

obfovatioiii I^ is necessary that a surveyor should know how to deal 

to throe with this problem, in case of accident, or from having no other 

known Folnte. ^\2Ly and from the necessity sometimes of bringing up the work 

of others. As a system^ however, observations to three points 

are imsatisfactory and lazy, the method is not susceptible of minute accuracy, and 
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there is no check, unless four pomts are observed, also large errors may creep 
in from mistakes in record, or in mistaking the stations. The observer has only 
to go up to one of the three known points, and observe back to the station re- 
quiring to be fixed, and the case then becomes an affiur of simple triangles, 
checked by common sides, and this would always be done by a careful worker. 

This problem may, however, often be of use in exploration work in hilly 
countries. For instance, having fixed the position of three or four conspicuous 
peaks, the surveyor may then fix the position of villages, and other points, as 
he proceeds on his journey. It is also useful in marine surveying to determine 
the position of points afloat 

Let P| F, P3 (fig. 117) be the three points known by their ordinates, ?« the 
unknown point at which the angles Pi Pq P, = B^ and P, P^ P, = ^2, are 
observed. 

Bisect Pi Pj, Pa P, by perpendiculars Q R, and S T. At Pj <» P, lay oflf 
b^ protractor or natural tangent < Q Pi Oi s 90 — 0j« 




Then Oi is the centre of a circle passing through Pi P, and Po, 

For < Q Pi Oi = 90° - tfi, and < Pi Q Oi = 90*^ .-. < Q Oi Pi = flj 
and < Pi Oi Pa = 2 B^. 

But the angle at the centre of the circle is twice the angle at the circumfer- 
ence ,•. < Pi Pj Pa = ^1. Hence, any point on the circumference of a circle 
with centre Oi and radius Oi Pi or Oi Pa subtends in the proper segment, the 
angle ^1 at any point of the circumference. 

Proceed similarly with Pa and Ps, drawing through these points a segment 
of a circle containing the angle B^ 

The intersection of these circles is the point sought P<k 

It will be seen that in all three cases a third circle may be drawn as a check 
through Pi and P,, using in cases I. and II. 6^ -f- B^^ and in case III. 360 - 
(^1 -I- ^a)» as the angle to be laid off. 

There are, therefore, two ways of solving this problem in each case, and the 
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merit of this mode of construction is that it shows at a glance, whether the data 
can give an accurate result, and also, which of the two solutions is that which 
will give the best determination. 



A 






a 







Take case I. (fig. 117). If Pi P, P3 and Po were so situated as to fall upon 
the circimiference of a single circle, the problem is indeterminate, this can only 




CdLse III. 

FIG. 11^ 

happen when the points are so situated somewhat as in case I. It cannot occur 
when the points are situated as in cases II. and III. (figs. 118 and 119). 

Again, if the circles intersect badly, then the calculation will give results 
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open to a range oi errors, a small error in an observed angle giving a laige 
error in the result 

In the positions sketched in case L the intersection is &ir, or at least as 
good as any other. 

In the position of the points, shown in case II., it so happens that the circle 
through Pi Pq and P3 cuts either of the others more nearly at right angles than 
they cut each other. It would therefore be better to compute with the sides 
Pi Pa and Pi P3, or Pj Pj and P^ P3, than with those used in the construction. 

Similarly in case III. as drawn, the sides Pj P^, Pj P, give the best inter- 
section. 

This consideration, however, really affects the selection of the final triangle 
to be used for the determination of the point Pq. 




FIG. 12a 



Thus, in case I. (as drawn), both the triangles Pi Pj Pq, and Pg Pj P©, are 
well conditioned. 

In case II. (as drawn) the triangle Pi P, Pq is better than either of the others. 

In case III. (as drawn), all these are pretty much the same, but on the whole 
it would be better to work from Pi P^ and Pi P,. 

When the co-ordinates of three points are known, the sides and angles of 
the triangles formed by joining them, can be computed by the ordinary rules. 
Generally they can be obtained direct from the triangulation sheets. 

Call the angle Pj P, Pj (fig. 120) measured as shown )8. 

<P,PiPo = ai. 
<P,P3Po = a^ 



Then 
Therefore 



^i + ^2 + ai + «3 + )5 = 360**. 

ai + a3= 36o-(^i + tf2 + /S) 
« a known quantity. 



(0 
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If oi — (4 be determined, then the value of either a^ or a, can be found, but 

Pi Pj : sin Ox : : Pq Pa • sin o^, 

* 

.... (a) 
.... (3) 

.... (4) 

1 VI 

die right-hand ade involres only known quantities. 
Let 

P.P,jin^^ 

PjP.sintf, ^ 

.•.||^ = tan^ 
binai 

Adding and subtracting, 

Sin tti + sin C4 _ i -|- tan ^ , 
Sin ai — sin a, ~ i — tan ' 

but by the rules of trigonometry 





' Sin tti sin Bi 


Similarly, 
Divide (2) by (3). 


Sin a, sin 6^ 




Sin oj __ Pi Pj sin 0^ 
Sin aj Pj P3 sin e^ 



S in tti + sin oa _, tan j ^ (ai + <4) 
Sin aj — sin oj tan j^ {a^ — o^)' 

generally by trigonometry 

Tan (A + B) = .tg nA + tanB 
^ ' i-tanAtanB 

remembering that tan 45° = x *oooo. We may make A = 45^, and B = ^ 
thai 

?Stfe^^ = •»<«"+« 

Cot i («i - «2) = cot j^ (ai + oa) tan (45^ + ^) 

Hence o^ — Oj may be computed. 

Comparing this with the value of (04 + a,) in equation (i), a, and a, are known. 
Hence in each triangle we have two angles and one side, whence the remain- 
ing sides may be computed. 



or 



Hence 
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Again by computing the remaining angles at Pj and P, in the triangle Pi P, 
P3, the three angles of the triangle P^ P3 Pg may be computed, as may be most 
expedient. 

Example : — 

Let the ordinates of three points (fig. 121) be as follows : — 



Pi = S534-0 N 


1845*0 E 


Pj= 2486-7 „ 


1485 •<>« 


P, = oooo-o „ 


OOOO'O „ 




PIG. 121. 

Let the following angles be observed at the point sought Po. 

o 9 n 
PiPoP2 = tfi = 6i 12 10 
P,PoP8 = tf2«36 36 17 



*i + «ii = 97 48 «7 

The firSb step is to compute the bearings 

<^i of Pj from P3 

02 of P2 from P3 

03 of Pi from Pa. 



Now 



5534-0 ^* 2486-7 

Tan 03 « J84 5-0-- 14 85-0 ^_36o-o 
5534' o- 2486-7 3047*3 
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Log SS34-0 = 3 '7430393 

Colog „ =4-2569608 
Log 1845 = 3*2659964 

,•. Log tan 01 = log tan 18** 26' 17" = 9*5229572 

Log 2486-7 = 3 '3956234 

Colog „ =4-6043766 
Log i48S'o = 3'i7i7265 

.•• Log tan 02 = log tan 30° 50' 40*85" = 9-7761031 

Log 3047 '3 = 3*4839^52 

Colog „ =4.5160848 
Log 360 =2-5563025 

.•. Log tan 03 = log tan 6° 44' I5'i6" = 9-0723873 

Hence i8= 180 + (30° 50' 40" 85) -(6° 44' 15-16") 
p = 204** 6' 25" 69 



AlsOy 



i§ 



<PiP2P3 = i55 53 34'3i 
<PiP8P2= 122423-85 
<P3PiP2= II 42 1-84 

180 o 0*00 

Pi Ps = 5534 sec 18° 26' 17-00." 

Log cos 18° 26' 1 7" -00 = 9-9771134 

A.C. 0-0228866 

Log 5534 = 3' 7430392 

l^gPiPs • • =3'7659258 

Log cos 30° 50' 40" - 85 = 9 • 9337708 

0-0662292 
Log 2486-7 = 3 '3956234 

LogP^Ps . . =3-4618526 

Log cos 6° 44' 1 5 - 1 6" = 9 • 9969904 

0*0030096 

Log 3047 '3 = 3*4839152 

Log Pi Pa . . =3-4869248 



Digitized by 



Google 



208 SURVEYING. 

Proof >— 

Sin A sin B sin C 



Log sin A = log sin 155 53 34-31 = 9-6111326 
Log a = log l\ P3 . . = 3-7659258 

5 8452068 

Log sin B = log sin 12 24 23*85 = 9'332i3i9 
Log i^ = log ?! Fa . . = 3-4869248 



5-8452071 



Log sin C = log sin 11 42 1*84 = 9-3070595 
Logr=logPP3 • . =3-4618526 

5-8452069 
Actual computation, 

^ = 204 6 25-69 
tfi + ^2 = 97 48 27-00 



30T 54 52-69 

360 O O'OO 

«i + tt2= 58 5 7 '31 

tti + a, 

—~^ 29 2 33-65 



Log sin 0^ = log sin 61 12 10 = 9*9426677 

Log PjjPgrr 3-4618526 

13 '4045203 

Colog 6-5954797 
Log sin tfa = log sin 36 36 17=9*7754583 

Log Pi Pa = 3*4869248 

Log tan = log tan 35 47 13 '44 = 9*8578628 
45 00-0 

Log tan (<^ + 45) = log tan 80 47 13-44 

Log tan (<^ + 45) = log tan 80 47 13-44 10-7899590 

Log cot ^^-j^ = log cot 29 2 33*65 = 10-^554855 
•'• Logcot -^LZL^as „ 5 8 47*23 = "-0454445 
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tti — a,s to 17 34*46 
«i + «4 = Sg 5 7'3i 

aa^ = 68 33 41*77 
ttj = 34 II 20*88 
<4 = «3 53 46'4« 

In the two triangles there are two angles and one side given, whence the 
other sides and the ordinates of P^ may be computed as usual. In the present 
case it would however be better to calculate from the large and well-conditioned 
triangle Pj P^ P, of which the side Pj Pj is known. 

The < Pi P3 Po = (23 53 46-42) 4- (i3 24 23-85) = 36 18 10-27 
The < P3P1 Pa = (34 11 20*88) + (n 4^ 1-84) = 45 53 22-72 
The<PiPoP3=i 



97 4^27-00 
Sum 179 59 59-99 



fi = 45 
P8 = 36 



53 
48 
18 



22*72 
27-00 
10-27 



«79 59 59-99 



CoMPtrrATiON OF Triangle. 



Triangle. 




Angles. 


CotTocUd Angles. 


Log Sin. 


Difference. 


Sum. 


Sides in 
Feet 




f| 


Of W 

45 S3 22-72 


98561247 


I -8601694 


3-6260952 


422761 


P.P. 


P. 


97 48 27-00 


9-9959553 


•• 


37659258 


5«33-45 


P.P. 


P. 


36 18 10-27 


9-7724468 


I -7764915 


3*5424173 


3486-72 


P.P. 




179 59 59'99 





Bearing of Pg Pi = 18 26 17- 00 
AddPiPjPo te 36 18 10-27 

Bearing of Pa Po = 54 44 a7'27 

log sin 54* 44' 27-27" = 9-9119828, log cos = 9-76x3826 
LogPjPo «fc 3-6260952 3-6260952 

3-5380780 3-3874778 

•*• Dep< = 3452*06; and diff. lat = 2440-49 
Po = 2440-49 N. 3452*06 E. 
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Bearing of Pi P, = 198 26 17 'oo 
Deduct P3 Pi Po = 45 S3 aa * 7* 

Bearing of Pi P© = 152 3a 54* a8 

log sin 153** 32' 54" -28 = 9-6637022, log cos = 9*9481197 
Log Pi Bo «=3"S424i73 3'54«4i73 



3 '2061195 



3*4905370 



Departure = 1607*38 £^ diff. lat s 3094*12 S 
P« - a439'83 N. 345«*38 E. 

It is to be observed, that when the sides and angles are given from the 
* triangulation sheets,' the computation is not a formidable one. This method 
may therefore be useful in fixing intersected points from an existing triangulation. 
The formula given is the neatest, and is suitable for every case, it is derived 
from * Adjustment of Observations,' by T. W. Wright, B.A. 
^ There is another problem which may be useful in taking up 

1 ^^ ^ two secondary points. Angles are observed from two unknown 

ukBowa to points to two known, and to each other, 
two known To fix the unknown points. 

poi]^ and to Let A and B be the known pomts, X and Y the unknown 

pomts (fig. 122). 
Let the angles AX Y = tfi, B X Y = 0i be 
observed, as also A Y X = ^3, B Y X = <^3. As- 
sume some length for XY, say 1*000000 or 
1000*0. 

In the triangle X Y A, the angles B^ O2 ^^ 
given, and the base X Y is assmned to be given 
as unity. 

Compute A X, A Y in terms of X Y, also 
in the triangle X Y B compute B X and B Y also 
in terms of X Y. 

Now in the triangle A X B you have two 

sides A X, B X, known, in terms of the assumed 

values of X Y, also the included angle $1 + ^i. 

Hence calculate A B in terms of X Y, also 

calculate the angles X A B and X B A. 

Do the same in A Y B. 

To get the rca/ valtu of the sides A X and A Y, &c., you have merely to say 
'as the calculated value of A B is to its true value, from triangulation, so is the 
assumed value of X Y to its real value.* So for the other sides. That is to say, 
you have to add to the logarithmic value of their computed lengths, the constant 

• / true v alue of A B \ 

\ calculated value of A B / 




PIG. 122. 
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Vm of two 
Trig, point! 
firon o&y 
oriiting Grand 
An* in lion of 
a Baio Lino. 




PIG. 123. 



Hitherto it has been asssumed that a base line has been 
measured, specially, for the survey. It may, however, happen 
that a Grand Triangulation exists, and that the survey in 
question is undertaken for the purpose of completing the map. 
Any two points A and B (fig. 123), of the great trigonometrical 
network, will serve as a base line, and it may be assumed that 
the distance between them is known far more accurately than 
any measurement can be made by 
the appliances obtainable by the sur- 
veyor. 

Then by measuring a base A^, 
approximately, to serve as the known 
side for triangle No. i of the minor 
triangulation, and working round to 
the point B, we have only to get the 
length of A B from the minor tri- 
angulation in terms of the measured 
base A b. Then, as the value of A B, 
so foimd, is to its true value from the 
main triangulation, so is the measured 
value of the base A ^, to its true value 
and all the calculated sides of the 
minor triangulation must be adjusted 
in the same proportion, the adjust- 
ment being made, as in the last case, by the addition or subtraction of a 
constant logarithm. Other points C and D of the great triangulation may be 
used as checks. 

The size of theodolite to be employed in a minor triangu- 
lation (setting aside money considerations), depends a good 
deal on the nature of the country to be surveyed. In any case 
an 8-inch theodolite of the transit pattern, would suffice for 
With such an instrument 'azimuths' and 'latitudes' could be 
obtained with a considerable degree of accuracy. If a telegraph station were 
at hand, whereby time signals could be obtained from some standard timepiece, 
'longitudes ' could also be obtained with some degree of precision. 

An 8-inch theodolite in open country, where transport is easy, is very suitable. 
In rough country a smaller and lighter instrument would be preferable. The 
larger and therefore the heavier the instrument, the more liable it is to injury 
in transport, and the greater is the cost and delay, in carrying it from place to 
place, and in setting it up. Generally, and especially in rugged country, the 
lightest instrument that will give the desired results, should be used. These 
can be obtained, (in a triangulation having one mile sides) by means of a 5-inch 
theodolite. In a triangulation of this description which the writer once inaugu- 
rated, and for some time directed, an old fashioned 5-inch cradle theodolite 
was used, by persons who had little previous experience of the work. The 
means available for erecting signals and the like were limited. Yet th^ work 

p ? 
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every purpose. 
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was so far satisfactory that in adjusting the polygons a maximum correction 
of 25 seconds was rarely needed. As the surveyors obtained more experience 
and skill, still better results were obtained. 

With the perfect graduation which is now attainable, preci^on depends rather 
on design and workmanship, than on size. In the great triangulation connecting 
Natal with the Cape Colony, better results were obtained with a lo-indi theodolite 
of special construction than with an iS-inch of more ordinary construction. More^ 
over the results attained by means of these relatively small instruments, were 
superior to those obtained with the 3-foot circle in the earlier days of the Indian 
Survey. 

Five-inch theodolites are now made by Troughton and Simms and doubtless 
by pthers, in which micrometer microscopes are substituted for verniers. By this 
means readings to 10 seconds and less can be obtained with ease. Setting aside the 
question of accuracy, it is the universal opinion, that the angles can be read by 
micrometers more quickly, easily, and pleasantly, than by means of verniers 
and that there is less liability to error. Such an instrument would doubtless be 
most useful for all survey work. 

The method to be used in filling in the detail of a triangu* 

JJh^^ ^ lation, depends upon the scale of the map or plan which is to 

P^^^H^ be produced. In the case of the Topographic Map of India, 

published on the scale of i inch to 4 miles, a plane table of the 

simplest character was u^ed. Traversing was not resorted to, except in the case 

of important boundaries. The plane-table work was surveyed in the field on a 

larger scale and subsequently reduced by photography. 

If a map on the scale of -^ — (a litde larger than i-inch to i mile), has to 
60,000 

be produced, the plane-table, compass and chain, or even compass and pacing 
may be used. In this case also it would be well to plot and fill in, to a lai^er 

scale, say — ? — , and reduce afterwards by photography. With so small a scale 
10.000 

as -r-^ — many features such as roads and paths have to be conventionalised. 
60,000 

These simple methods will not suffice in the case of a plan on the scale of — ^ - 

2500 

or even of — ? — . The English Ordnance Survey practice, is, to proceed at 
10,000 

once to chain surveying, measiuring the sides of .triangles, taking up detail on the 
way, and subdividing each main triangle, by as many more lines as may be 
necessary to delineate detail Traversing is avoided to the utmost, why, the 
writer is a loss to understand, unless indeed it be owing to the fact that at the 
beginning of the century, when the Ordnance Survey was inaugurated, computa- 
tion of traverses, and plotting them by co-ordinates, was not generally known. 
The uncertain protractor was then the only means available. 

As a fact, traverse-surveying may easily be conducted, with greater accuracy 
than general chain-surveying, for the simple reason that the line along which 
the measurements are made, is usually a road or path, which is favourable to 
accuracy, and there is every possible check. 
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In the survey of Malta to which reference has been made, (the scale being 

)the following procedure was followed The roads, lanes and paths were 

traversed, the measurements being made with steel bands. Every detail within 
the range of a tape, was accurately taken by offsets set out with an optical square. 
All these measurements were made with a degree of accuracy, which fitted them 

for the production of a plan on the scale of ^- , the scale that was used for detail 

500' 

plans of villages. 

The traverses were closed on, and adjusted to the trigonometrical points. 
The interior details of fields and gardens, which were excessively complicated, 
were then filled in by means of a plane-table, not the primitive instrument 
described in English works on surveying, but one of the more perfect contriv- 
ances used on the Continent It was provided with a tacheometer telescope, 
moimted on the sight rule, whereby distances could be read directly off a staff, 
held at the point to be fixed. The construction and use of this instrumemt will 
be described in a chapter on tacheometry (see also p. 237). 

Lastly, the finished sheet should be examined, and cor- 

Ir a mfa ftti OT rected in the field. For this purpose a plane-table of simple 

? ^^"^^^^k^tlia c^'^struction will be found useftil. 

P t^ l^. No important survey should be published until it has been 

so verified. This process, though important, is simple enough, 
after a little practice. The survey checker is provided with a finished sheet, or a 
tracing thereof, a simple plane-table (mainly to act as a drawing-board), a tape, 
scale, and dividers. Going to some commanding point he examines the country 
round, to see that no fences or buildings have been omitted. He then perambu- 
lates the roads, seeing that no buildings, or bends, in the fences have been 
omitted. 

Sometimes an offset is overlooked, and a crooked fence plotted as though it 
were straight, sometimes the frontage of a building is omitted, &c. As he goes 
along he notes each cross-fence and its alignment, as also intersections of lines 
marked by natural objects. He finds that, standing in the road, with the angles 
of two buildings in line, he is so many feet from another building. He lays his 
ruler through the same objects on the plan and sees whether the distance from 
the outer section to the building, as given by the plan scales correctly. Again he 
observes that standing in the road, at a certain distance from a cross-fence, the 
tangent to a curve in the fence is on with the comer of a tree, and so forth. He 
at once makes any necessary correction, inking it in with red ink. With a little 
ingenuity and energy, the checker may satisfy himself that the plan is fit for 
publication. 

In all geodetic operations, it is usual to give the distances 

S«daetioii ©f between points, not merely as measured on a horizontal surface, 

to M. 8. Level ^"^ reduced to one horizontal surface, namely ' mean sea level.* 
Now the surface corresponding to 'mean sea level' is 
spherical, viz. that which would be formed by the sea, were the land removed. 
Fig. 124 represents a section of the terrestrial sphere through its centre. A and > 
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B are two lofty mountains. The arc D £ represents ' mean sea levd.' If a ^^^ \ 
were cut from sea to sea, the mean level of the water in the canal would correspond 
to the arc D £• With the same centre let arcs A C and B F be drawn parallel 
toDK 

It is evident that the arc F B is longer than A C, which in turn is longer than 
D E. In extensive surveys, it is usual to reduce all distances to the 'mean sea 




PIG. 124. 

level/ and so reduced they are called ^geodetic distances.' The distances A C 
and B F are called the ' horizontal distances,' at the level of A and of B respec- 
tively. 

To determine the corrections to be applied to reduce a measurement to 
M.S.L. Let A D =s ^1, B £ s ^2, and r = radius of sphere, or radius of the arc 
D £, which represents ' mean sea leveL' 
Then 

A C _ r + >»i 
i) E r ^ 

and 

F B _ r±K 
DE r » 

also, 

F B ^r±K 
AC r + >fti • 

Now as r ss 30,900,000 feet (nearly) it is evident that, in most ordinary cases, 

the ' geodetic distance ' differs from the ' measured distance ' by a minute fraction 

only, less than the probable unavoidable error of measurement. Thus if h were 

A C 20,901,000 z 00,00 < ^ , 
1000 feet then i^w^'^ ^^^^ ^ = "~ ^ ^ . Or, at the rate of 5 parts m one 

JJ ^A 20,900,000 100,000 ' •* ^ 

hundred thousand. 

In all triangulation work the angles measured are indeed spherical angles, and 
if observed with absolute correctness, would sum, in each triangle to more than two 
right angles. In the process of adjustment above described, not merely have un- 
avoidable errors of observation been eliminated, but this spherical excess also, for 
the three observed angles of each triangle have been made to sum to two right 
angles. The result is that the computed co-ordinates give the relative positions 
of the points, as though they were on a plane, but coinciding as nearly as possible 
with their relative positions on the sphere. The distances are all in terms of the 
base. If the base line were measured at sea level, ' geodetic distances ' would be 
determined, hence, if the base be measured at some elevation above the sea its 
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measured length should be reduced to its 'geodetic length' by the rule given 
above. This done, all other ' distances * will be ' geodetic' Beyond this ' base 
reduction to sea level,' no further notice of the spherical form of the globe need 
be taken in minor ' triangulation,' as far as horizontal measurements are con- 
cerned. 

In determining the relative altitudes of trigonometrical pomts 
by vertical angles, the curvature of the earth due to its ' spherical 
fonn ' must be taken into account, 
as it is appreciable even in short 
distances^ 

The 'curvature of the earth' 
may be estimated with sufficient accuracy, for 
practical purposes, by the following approximate 
method 

Let A and B be two points of equal altitude 
on the earth's sur£Eu:e (fig. 125). Let O be the 
centre of the sphere. Let A C be a horizontal 
line, drawn through the point A, that is to say a 
line perpendicular to the radius O A. It will cut 
the radius O B prolonged in some point C. The 
length B C = ^ may be called the ' curvature' for 

the arc A B. Let r = the radius O A s O B. Now since the angle O A C is a 
right angle, (O Cf = (O A)»i+ (A C)^ 
Let 

B C = ^ (the curvature), and A C « i/. 
Then 

(r + <:)« = f^ + ^ 
Hence 

Therefore, 




€ = 



2r + / 



But 3 r -f ^ differs but little from a r, ^ being always a very small quantity 

compared with r. Also the arc A B may be taken as equal to A C = i/. Then 

(distance)^ 
we have the general rule. Curvature = ^ ^ ^^^^ ^/^^^ > 

With the assumed mean radius of the earth the curvature for a distance of 
1000 feet is 0*0239 feet 
Hence 

Distance 1000 feet curvature as 0*0239 
If = 00936 



n 
If 



2000 
3000 
4000 
5000 



as 0*2091 
sa 0*3824 

= 0-5971 
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Thi curvature for z mUeis 8 inches^ i$ureasingin fropartUnto 
the square of the distance in miles. (See Table KL, p. 226.) 

The rigorous determination of the ' difiference of level ' of 
two points by means of * ver- 
tical angles' taking into ac- 
count the curvature of the 

earth is performed as follows. Assume for sim- 
plicity that two theodolites are simultaneously 

set up at two points, on the earth's surface, and 

that the telescopes are respectively directed, so 

that the intersection of the cross-hairs of each 

is directed to the horizontal axis of the other. 

Then from the vertical angles observed, and 

the known * geodetic distances' between the 

two points, it is required to determine the 

difference of level between the horizontal axes 

of the theodolites. Then by adding or sub- 
tracting the difference of the heights of the axes 

of the theodolites to determine the difference of 

level, of tbQ points themselves. The following 

two cases may occur. 

1. The difference in level is so grcai^ that 
one observed angle is an ^eUvoHon^ the other a 
' depression* 

2. The difference of level being small, is 
such^ that both angles are ' depressions* 

Case I. Elevation ofid Depression. 

Let the angle of elevation F A B = a be 
observed at A (fig. 126), and the angle of de- 
pression CB A = /3 at B. Knowing the 'geodetic distance' AiD| the angle 
A O B, A O Di subtended at the centre of the earth by the arc A D or Aj D| 
may be computed, by dividing the ' geodetic distance ' by the length of one second 
of arc with the radius of the earth proper to the place. Knowing the level of the 
point A, the hori^ntal distance A H D may be computed. Let the < A O B 
:ssB^ Draw D £ perpendicular to O B cutting A F in £. JoinOK ThenAOB 
is bisected by O E, and A £ = D £. 




no. 126. 



Then the exterior angle A FO = <BAF+<ABO 



or. 



(9o^-tf)-a+(9o°-i3), 



(I) 



Next in the triangle A B D the exterior angle 

ADO= ilDAB-l- Z ABD, 
,•. ZDAB=s ZADO- ZABOi 
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but 



Z ADO = (90 - H and ^ A BO = (90 - /J). 
.-. ZDAB = (9o°-|)-(9o-^) 



From (i) 
or 



/3-f (^) 






But 



. jg + g 
B D _ sin D A B ^^" 2 
AD sin A B D " sin (90 - ^ 

Sin '^^—^ — 



cos p 
Let A A 3= difference in height between A and B, then 

sin cL_L_r 

BD=:A>l-rAD. 



sin 
A ^ as 2 r| sin 



cos)9 
jg + g 



cos)3 

Where rj = the radius of the earth O Aj, augmented by the height of the lower 
point A above M.S.L. 

Whence, setting aside for the present, refraction, (which will be considered 
later on), A A may be computed rigorously. If one angle only were observed, 
the other may be computed by equation (i). 

Case (2), both angles being depressions. 

Let A and B be the points (fig. 127). Let the depression angle at A, be 
C A B = )5i, and at B, C B A = ft. Let the Z A O B = tf as before. Draw 
D E perpendicular to O D, cutting A C in E. D E is parallel to B C, and con- 
sequently theZAED=ZACB. Join E O. Then Z A O B is bisected by 
O E. The four angles of the quadrilateral O A C B must sum to 360°. 

The angles at A and B are right angles. 

Consequently 

ZAED=ZACB = 180^ -ft 
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Hence in the triangle ABC 

(i8o^ - tf) + A + A = i8o% 



(3) 



Since D E is parallel to B C 
TheZAED=ZACB = (i8o^ - $) 
And £ O obviously bisects the Z A E D 

.-. Z AEO=: ZDE0 = (90-^. 

But A £ = £ D so that 

ZEAD= Z£DA = -, 

!Hence,in the triangle ABD the Z BAD a Z CAD - CAB = - - /}^. 




PIG. ti7« 



But since 0i± (Pi + fi^. 



from (3) 



2 2 * 

So that in the triangle B A D the following relations obtain, 

BD _ sin B A D 
A D " sin A B D * 
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sin 90 — )8, 



^sin — 

A >i s 3 ri sin • 

3 cos )3a 



(4) 



Where r^ b mean radius of earth augmented by the elevation of the point A. 

Neglecting refraction, the difference of level between two distant points may 
be calculated for case (i) by equations (i) and (2), and for case (2) by equation 
(3) and (4). 

The angle 0, subtended at the earth's centre by the two stations, is called the 
' subtended angle.' 

It is equal to 

The sum of two angles of depression^ or 

The difference of the angle of elevation and depression. 

Hence, if one angle only be correctly observed, the second can be calculated 
by adding or subtracting it from the known subtended angle. 

Half the difference between two depressions, or half the sum of an elevation 
ahd a depression, is called the ' contained angle.' 


The factor a r^ sin - may in all practical cases be safely replaced by d^ 

the horizontal distance. Even if d were 60 miles, the difference would scarcely 
be appreciable. 

The ratio of the two factors for 60 miles b i '0000x3, making therefore, an 
error of o* 13 feet in the height of a mountain 10,000 feet high, corresponding, 
with an error of less than one-tenth of a second of arc in the observed angle. 

The rule is. 

Multiply the horizontal distance by the sine of the contained angky and divide 
the product by the cosine of the depression^ or by the cosine of the greater d^ession^ 
if both be depressions. 

Or in logarithms. 

Add, 

Log horizontal distance. 
Log sine contained angle. 
Log secant greater depression. 

A rule has already been given for calculating the ' geodetic distance ' from 
the ' horizontal.' As we have to operate with the logarithm of the ' geodetic 
distance,' the operation may be simplified by the further use of logarithms. 
Let 

g = ' geodetic distance ' measured at ' mean sea level.' 

d = ' horizontal distance ' at some height above ' mean sea level' 

A SB height above M. S. L, 

r 8 radius of earth at M. S. L. 
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Theo 

^ = ^+_^i (as before). 

The mean value of r is 20,889,000 feet 

The logarithm of ^ is given from the triangulation. 

Putting the above in logarithms, 

Log ^ = log^ + log (r + ^) - log r. 

Now Log r s= log 20,889,000 «= 7 '319 9176 

and log 20,899,000 = 7*3201255 

Difference = o'ooo 2079 

Also, between these two limits corresponding with an interval of 10,000 feet, 
we may obtain the logarithm of r -|- ^ by proportion, as one interpolates in 
ordinary working. 

Wemaysaylog(r + >i) = logr + ^-????79j. 

10,000 
Putting this for log (r + K) 



Logrf= log^+ logr+ <:£????79J04) - logr 

10,000 
10,000 

The multiplication in the bracket may be performed logarithmically with 
ease. 

Log -0002079 = 4*317 8545 

Log 10,000 B 4,000 0000 

Constant log =: 8*317 8545 

Then, to the logarithm of the height 0/ the station above *■ mean sea level* add the 
constant log 8*1378, the natural number correspondittg with the sum will be the 
correction to be cuLded to logg to convert it into log d. 

Example. 

h =r 1,463-3 feet log = 3*1653 

Constant log = 8*3178 

Natural number of correction 0*0000304 = 5*4831 
Adding log ^ = 5 -1346650 ^ 

\ogd = 5*1346924 

•Eye and Hitherto it has been assumed that the height of the signal 

Objeet' observed to, above its station point, is equal to the height of 

correotioii instrument above the station point at which the observation is 

made, m other words, that the angles are truly reciprocal. This 
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will rarely be the case, for the height of the signal will usually be greater than the 
height of the instrument. A correction must therefore be applied, known as the 
* eye and object ' correction, to reduce the observed angles to true reciprocity. 

The *eye and object* correction can be computed rigorously, taking into 
account the curvature of the earth. This process is laborious, and in all practical 
cases, unnecessary. For most purposes the following simple rule will suffice. 

Take the difference between the height of the signal observed to, and that of 
the instrument at the point of observation. Divide by the ' horizontal distance.' 
The quotient is the ' eye and object ' correction, expressed in circular measure. 



Or in logaiithms, 

To constant log i^nde infray p. 223) 

Add log ' horizontal distance ' 



. 4*6856 



Sum 



The sum deducted from zero or arithmetical com- 
plement ...... 

Add log difference of height . • 
Sum log correction in seconds • 



Example. 

Let Log horizontal distance • 
Height of instrument 
Height of signal 
Observed angle of depression 

Then Log horizontal distance • 
Constant log i^ide infra) . 



Arithmetical complement . 
Height of signal . • 

Height of instrument • 



0° 5' 39 ^ = 338" -8 log = 2' 5300 

The observed angle is a depression and therefore the minus sign must be 
applied. 









=s 


3-7964 








= 


5 • 34 feet 








=r 


15*63 „ 










- I" 17' 15 

3-7964 
4-6856 


Sum . 








8*4830 


• • 








1-5180 


— 


15 


•63 feet 




. + 


5 


•34 


99 




- 


ID' 


38 


logs 


s I*0I30 



Observed angle . 

The eye and object correction 



Off 

- 1 17 15 

- o 5 39 



If we call altitude + 
„ depression — 



I 33 54 



height of signal — 
height of instrument + 
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and perform all additions algebraically there will be no difficulty in knowing the 
manner in which the correction is to be applied. 



Example 2. 

Let Height of instrument 
Height of signal 
Log horizontal distance . 
Observed angle of altitude 

Constant log {^ide infra) . 
Log horizontal distance . 



Arithmetical complement 

Height of signal 
Height of instrument 

Algebraic sum 



Sura 



= 8*36 feet 
= 3*96 „ 
= 3-6483 
= 2^ 37' 45" 




1-6661 



— 3 • 96 feet 
+ 8-36 „ 



+ 4-40 log = 0-6435 
Correction in seconds = + 0° 3' 24"= 204" log = 2*3096 

Observed angle of altitude + 2° 37' 45* 
Corrected angle + 2 41' 09" 

It must be noted that the constant log 4' 6856 is the logarithm of one second 
of arc, expressed in circular measure, increased by 10*0 as usual. Now the sines 
and tangents of small arcs are (up to a degree or so), very nearly equal to the arc 
in seconds multiplied by the sine, or tangent, of one second. 

Thus, 



Log sin 60" 
Log 60" 



= 6*4637261 
= 1-7781513 



Log tan 60" 
Log 60" 



Log diff. = log (^^^) = 4-6855748 Log (• 



tan arc \ 
1^) 



Log sin I*" o' o" 
Log 3600" 



Log. diff. 



= 8*2418553 

= 3-5563025 

4-6855528 



Log tan I** o' o" 
Log 3600" 



o' 00002 18 Log. diff. 



ss 6*4637261 
= 1*7781513 

= 4*6855748 

= 8*24192x5 

= 3-5563025 

4*6856190 

0*0000442 



so that for all practical purposes, the log sine or tangent of a small angle, less than 
a degree, may be obtained correct to four places of decimals, by adding the 
constant logarithm 4*6856 to the logarithm of the angle, reduced to seconds. 
Conversely, we may obtain the angle corresponding to a small log sine or tangent 
by deducting from the said logarithm the constant logarithm 4*6856, or better, 
by adding its arithmetical complement 5*3144, and subsequently deducting 
10*0000 from the sum. To provide for cases in which the highest accuracy is 
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required, ^extending to the second place of decimals of a second), tables are 
provided, in most extensive logarithm tables, giving to seven places of decimals, 

the value of log { ^? ^''^ \ and log { ^" ^ \ for every minute of arc 
Varc m sees./ Varc m sees./ 

from o" to 3600". To obtain log sine or log tangent of a small arc, it is only 
necessary to add to the logarithm of the arc expressed in seconds, the logarithm 
proper to its nearest value in minutes. Conversely, to find the angle correspond- 
ing to a given log sin or log tan, find the value in the ordinary way to the nearest 
minute, and deduct the logarithm appropriate to that minute. 

In this way small angles may be dealt with much more accurately than by 
interpolation, especially if the tables at hand give log sines and log tangents to 
one minute only. 

When the difference in height of the instrument and signal is great, compared 
with the distance, and where the vertical angle is considerable, a closer approxima- 
tion may be obtained by multiplying the * eye and object * correction, found as 
above, by the square of the cosine of the angle of inclination. 

The limits beyond which it would be desirable to apply this second con- 
sideration, may be seen by an inspection of the following table. In the first 
column are the various angles of ' elevation ' or ' depression.' Entering the table 
with the nearest vertical angle, the error that would be produced by the neglect 
of the correction of the * cosine squared ' of the vertical angle will be found 
under the column which is headed with the eye and object correction, as deter- 
mined by the general rule. 



Table I. — Giving ' Eye and Object ' Corrections. 



Correction 
as calcu- 
lated bv 
general 
rule. 



h/d 
Corm. in 



'} 



. logm. 



•001 

ao6'3 

2-31441 



*002 
412-5 



•003 

6i8*8 



2-6IS442-79IS3 



•004 

825-0 

2-91647 



•005 
103 1 



•006 
1238 



3-OI3383-09256 



-007 

1444 
3' 159503-217503 



•008 
1650 



•009 
1856 
268^5 



'OI 

2063 
3-3«44i 



Vertical Angle. 



Error in Seconds. 



aO 
io« 

I24« 

I7J« 
26° 



•06 


•13 


•19 


•25 


•31 


•38 


'44 


•50 


•57 


•25 


•50 


•75 


I' 00 


1-26 


1-51 


1-76 


2'OI 


2-26 


•56 


113 


1-69 


2-26 


2-82 


3-39 


3-95 


4-52 


5-08 


1*00 


2-01 


3-OI 


40I 


502 


6-02 


703 


8-03 


9-03 


I-S7 


3U 


4- 70 


6-27 


7-83 


9-40 


IO-97 


12-54 


14*10 


351 


703 


10 54 


14*06 


17-57 


21-08 


24*60 


28:11 


3>*63 


6*22 


12-44 


i8'66 


24-88 


31* 10 


37-32 


43*54 


49-76 


55-98 


966 


19-33 


2899 


38-65 


48-31 


57-98 


67 64 


77-30 


8696 


1382 


27-63 


4«-45 


55-27 


69-09 


82-90 


96-72 


no* 5 


124-4 


18-65 


37-30 


55-95 


74-61 


93-26 


III-9 


130-6 


.. 


•• 


24 13 


48 -26 


72-39 


96-51 


120-6 


.. 


.• 


.. 


.. 


3684 


73-68 


110-5 


147-4 


.. 


.. 


.. 


.. 


.. 


51-57 


103- 1 


154-7 


- 


•• 


•• 


•• 


- 


•• 



•63 
2-51 

5-65 

10-04 

15 67 
35-14 

62*20 
96*62 
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Having found the * eye and object ' correction by the rule given, the computer 
can see by entering the table with the vertical angle, whether the result obtained 
by the rule, is liable to an error of one, two, or more seconds, up to two minutes. 
He can at a glance see whether, according to the degree of accuracy which is 
attainable with the instrument at his disposal, it is worth while to apply the 
second correction. If it be, then it is only necessary to write down the log 

Si 




riG. 128. 

cosine of the vertical angle twice, and add up. The sum will be the corrected 

log sine of the ' eye and object ' correction in seconds. Examples will be given 

later on, vide p. 230. 

Effeot of The effect of refraction has now to be considered. Rays of 

BafhMtioB on light passing through the atmosphere, nearly parallel to the 

VertiMl earth's surface, do not travel in a straight line as they do in 

^^^••' space (fig. 1 28). Owing to the varying density of the air, due to 

differences of pressure, and to irregular heating, they travel in a curved line. 

Usually, almost invariably, the path of the ray is Concave towards the earth's 

surface, the effect of this being to make an object appear higher than it really is. 

Thus if O be a signal and A the point of observation (fig. 129), the rays of 




FIG. 129. 

light would not proceed along the straight line O A, but along a curved line 
OCA. The consequence is that the rays enter the eye of the observer at a greater 
angle than O A H. They enter it as if O C A were a tangent at A to that 
curve, and consequently the object O appears as though it were at 0|, and an 
erroneous angle Oj A H is observed. The angle Oj A O is the ' refraction error.' 
If now the eye were removed to O and directed to A, then O Ai will also be 
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tangent to the curve OCA and the apparent position of A would be at A^. 
Assuming that the curve is symmetrical, then the angle Ai O A will be equai 
to Oi A O. 

By taking reciprocal angles, ' refraction errors ' may be eliminated, by thus 
ascertaining their values, and appl3ring the same as corrections. 

The observed angles, corrected by applying the * eye and object correction ' 
may be called the ' observed reciprocal angles,' and be represented by A and D 
or Di or D3 as the case requires. 

Then D = (/8 - p) \ D, A, D, and D, being observed 

A = (a 4- p) angles corresponding to the 

I^i = Oi — p) " corrected angles, /3, /Sj, ^^ 

r>a = 05a-p)j ando. 

Where p is the refraction error. 
Then, in the two cases 

D-A = (i8-p)-(a + p) (Di + D^«(i8,-p) + 08,-p) 
== (^ . a) - a p = OSi + A) - 2 P 

where, as before, ^ = the ' subtended angle ' as already defined. 

Hence ^ ^ tf - (D - A )^^ ^ ^ tf - (D. 4-D,) , 

2 a 

The rule then is, (i) Subfract the angle of etevation from the depression ofigle^ 
and subtract the remainder from the subtended angle. Half of the final remainder 
win then be the * refraction error* 

Or, (3) Add together the two depression an^^ and subtract the sum from the 
subtended angle. Half the difference is the ' refraction error J 

If the refraction be fJEurly regular, and if the reciprocal angles be observed 
simultaneously, or under similar conditions of the atmosphere on different days, 
the refraction will be determined with sufficient accuracy for all practical pur- 
poses, for the correction for refraction is usually but small. It is generally 
expressed as a fraction of the subtended arc, and amounts to about one-fifleenth 
part thereof {vide infra). 

If the negative sign be always ascribed to the ' refraction error ' and to ' de- 
pressions,' and the positive sign to ' elevations,' the algebraic sum will be the 
* corrected angle.* 

Thus, if p= 10" 

and the observed angle of elevation A = + 2® 10' 43*' 

p =s — o o 10 

then, the corrected angle a as 4- 3 10 33 

If the observed angle of depresssion D = — 3° 1 7' 06" 

p SB — o o 10 



the corrected angle )8 r= — 3 17 16 
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It must not be forgotten that the correction thus obtained, includes all errors 
of observation. • 

' Refraction ' has also the effect of reducing the ' curvature ' already treated of. 
Usually it reduces it by about one-seventh of its true value. The second column 
of the following table, from the ' Manual of Surveying for India,' gives the com- 
bined effect of curvature and refraction, as determined in this manner. 

Table K.— Giving thb Diffbrrncb op TauB and Appaexnt Levels. 





COfffMDOIk 




CofiectioQ. 


dudas. 


CufVAtura 

in Decimals of » 

Fooc 


Curvature and 

RcftacdoQ ia Ded- 

laabofa Foot. 


Dixtanoaia 
Chaios. 


Curvatuiu 

inDedmalsofa 

Foot. 


Cunrataraand 

RefiactioomDeci- 

maUofaFoot. 


1 


'000IO4 




II 


•OI2610 


'OIO809 


2 


•000417 


•000358 


13 


•015007 


•012863 


3 


•00C938 


•000804 


13 


•O17613 


•015097 


4 


•OOI668 


•001430 


14 


•020427 


•017509 


5 


*0026o$ 


*002233 


»5 


•023450 


•020100 


6 


•00375* 


•003216 


16 


•026680 


•022869 


7 


•005107 


•004378 


17 


•030120 


•025817 ■ 


8 


•006670 


•005717 


18 


•033767 


•028943 


9 


•008443 


•007236 


19 


•037623 


•O3224S 


10 


•010423 


•008933 


20 


•041687 


•03573* 



Now the value of error of refraction though usually small, is very uncertain. 
It varies at different hours of the day, being least (in the tropics) at about 
3h. 45m. P.M« It varies also with temperature, and barometric pressure. Over 
highly heated arid plains, it becomes exceedingly irregular, the curve sometimes 
being actually convex towards the earth, so that objects are depressed and not 
raised. The mirage is an extreme case of this. The rays of light proceeding 
from the sky become so much bent upwards, on encountering the highly-heated 
stratum of air, immediately above the parched ground, that the observer, looking 
in a nearly horizontal direction sees, not the ground and the objects thereon, but 
an image of the sky, and the appearance is that of a sheet of water. Horizontal 
deviation is also very common. A series of rods, ranged out in a straight line 
at one time, have presented the appearance of a curve at another time. When 
disturbance is so great as this, accurate observation of any kind is obviously 
impracticable. At any time, however, the effect of refraction is imcertain, and 
accurate results can only be arrived at, by taking reciprocal angles under similar 
atmospheric conditions. 

' Terrestrial refraction ' must hot be confounded with ' celestial or astronomical 
refraction,' that is to say, the refraction which affects the observation of heavenly 
bodies. ' Celestial refraction ' at low angles, is greater than * terrestrial,' because 
the rays from the stars traverse the whole depth of the atmosphere, whilst rays 
from a terrestrial object, pass through a limited section of it only, and in a com- 
paratively horizontal direction. 
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It may, however, happen that it is impossible to obtain 
reciprocal observations. For example, it may be required to 
detennine the height of an inaccessible peak, the distance of 
which has been determined by intersection. In this case the 
only plan is to assume a value for the correction for refraction. 

It is the general practice of geodetic writers to express this 
value as a fraction of the ' subtended arc,' that is, the angle 
subtended at the centre of the earth between the two stations, 
or the angle B in fig. 130. Usually, this fraction is foimd 
to be about •^. Hence it is necessary to add or deduct 
this fraction of the contained arc to the observed angle of *• de- 
pression ' or ' elevation ' as the case may be. 

The rigorous method of calculating altitudes has been dis- 
cussed, mainly with the view of explaining the manner in which 
terrestrial refraction is determined, but in a ' minor triangula- 
tion,' so operose a procedure is rarely necessary, and would not 
be justified 

K 




no. f ja 




FIG. 131. 



The following simplified method will suffice, as shown by investigation. 
Let A and B (fig. 130) be two points of different elevation. Let the angle 

^ a 
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B A C be observed at A« Then the difference of level B D b made up of 
two parts added together, namely B C and C D. Now, setting aside refraction 
for die present, C D is the correction for curvature, which can be computed 
with practical accuracy by the formula already given, or taken from a table. 
Rigorously, the distance B C b obtained from the triangle A B C as foUowa. 

Let BAC»a 

A C B = Qo** + tf 

and ABC = 9o''-(« + «) 

alto n = radius O A, and rs » O B. 



Then 
and A C s ri tan 0. 



B C _ sin g ^ si n a 

A C "■ sin (90** - (a + ^ ) *" cos (a + I 



sin a 



Hence BC^r^tantf x cos (a + ^) ' ('> 

But the difference of level AAaBDaBC + CD, where D C s r^ is the 
curvature due to radius O A. 

Again, in the case in which the angle of 'depression' is observed at B 
(fig. 131)* The true difference of level between B and A is A D which is equal 
to A E "- £ D, £ D being the curvature due to the ladius O B » r^. 
Now in the triangle ABE 

ABE^iS 

A E B « 90** - « 

E A B « 90** - (^ - tf). 



A E sinff _ sinff 

B E sin (90*' - (j3 - ^) ) cos (/J - B^ 



Then 

And B E = O B tan tf 5= rj tan A 



Hence A E = r, tan tf ^-^^^^^ . (.) 

...AD = A^-r.tan«_»J24^p^ 

where r, is the curvature due to radius O B. 

Now, in the cases which will occur in practice, the subtended angle B will 
TCuely exceed 60", and may be omitted from the value ^3 — ^, not affecting the 
value of the cosine in five places of decimals. 

Hence the factors — ^)" ^ ^. and — ^^-^ may be replaced by tan a 
cos (a + ^) CQ^ifi ^ S) ' " ' 

and tan )8. Again r^ tan B will not differ appreciably from r, tan B and both 

will closely approach to the horizontal distance at the station, whose elevation 

is given. 
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Hence we may say (representing horizontal distance by H) 
A^ = Htano + ^iOrA>4 = Htan)8-rj 

Ci and r, represent the curvature expressed in linear measure, and may be taken 
from the table given. They will be practically identicaL 

To take into account refraction, it is merely necessary to diminish the curva* 
ture by one-seventh part of its value. The results are tabulated in the second 
column of the above table under the heading ' curvature and refraction.' 

Hitherto it has been assumed as before that the angles are truly reciprocaL 
A little consideration will show that the formula gives the elevation of the signal 
above the axis of the instrument, so that to determine the ' altitude ' the height of 

the instrument must be ^-^ 5 and the height of signal — ,^ ^ according 

deducted ^ added 

as the angle is an ' elevation ' or * depression.' 

Hence the following rule is obtained. 

Multiply the horizontal distance by the tangent of the vertical angle. The product 
is the difference of level between the eye and the signal. 

Mark this, + if a rise, -* if a fall. 

Mark height of instrument always + 

Height of signal, observed to^ always — 

Curvature and refraction, always +. 

Sum algebraically, that is to say, 

Sum the positive and the negative quantities separately, and take the lesser 
from the greater, the result being the difference of level between the two stations. 

Proceed in the same manner at the second station, take the arithmetical mean 
of the two differences of level (that is, half the sum of the rise, and of the fisdl) as 
the correct difference. 

The following examples show the results of computation by the ' rigorous ' and 
' approximate methods,' respectively. The data are ideal, and devoid of instru- 
ment error. The object of these examples is not to give an idea of the degree 
of accuracy that is attainable by means of vertical angles, but merely to show 
the comparative effect of the two methods of computation. 

Example i : — Calculations by ' rigorous computation^ 
The level of station A being known, to find the levels of B and C 

Data. 

Level of station A 275-36 feet 

Mean observed angle of elevation at A 
Height of instrument above station A 
Height of signal at A . 
Mean observed angle of depression at B to 
Height of instrument at B 
Height of signal at B . 
Log ' geodetic distance ' at A B 
Observed angle of depression at B to C 



»" 


43' 4" 


4 '32 feet 


II 


•36 feet 


»• 


33' 3a" 


5" 


II feet 


U 


•93 feet 


$■ 


7244888 


1' 


0" 
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Height of instrument at B 

Height of signal at B . 

Observed angle of depression at C to B 

Height of instrument at C 

Height of signal at C . 

Log ' geodetic distance' B to C 



4-13 feet 
5" II feet 
o**o'i5" 
4-75 feet 
3" 75 feet 
4 099,0934 



(a) To find the subtended angle A to B. 

Log ' geodetic distance ' • • • • 3 ' 7 3449 

Deduct log feet in one second • • • a ' 00549 

Log subtended angle in seconds « bg 53'''4 • z ' 7 1900 

{p) To find the log of * horizontal distance ' of A B at level of A. 

Log height of station A == log 275 • 36 feet • a • 4399 

Add constant log 8*3178 

Sum . • . 67577 

The natural number corresponding to this loga* ) 

rithmu. ( 0-00000S7 

Adding log * geodetic distance ' • • • 3*7 344888 

The sum is log ' horizontal distance ' • • 3*7 244945 



(^) To find the ' eye and object correction ' for angle at A. 
Height of signal at B 



Height of instrument at A • 
Difference 

Log ' horizontal distance ' 
Log sin i" • • 



Sum • 

Arithmetical complement • 

Log 9 * 6 feet (diff. signal and inst height) 

Log cosine 3** 43' . 

The same (to square value) 

Log 'eye and object correction' for angle at 
A = log 373 



13-93 feet 
4*33 feet 

9' 60 feet 



3'7«449 
4-68558 

8*41007 



I '58993 
0*98337 

9 '99951 
9*9995' 

3*57133 



Signal higher than instrument deduct firom angle of elevation. 
Note. — ^The ' eye and object correction/ computed by the rigorous method, 
B{[rees with the above to a fraction of a second. 
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(i) ' Eye and object correction/ for observed angle at B. 



Height of signal at A 
Height of instrument at B 



ii*36 
6-25 Log 



Difference . 

Log cos 2^ 34' to nearest minute 

The same again (to square value) 

Arithmetical complement of ' log distance/ log \ 

sin i" (from ^) . . . . ( 

Sum log correction in seconds » log 243" • 
Correction 4' 03". 

(i) Correction for refraction. 



Observed depression at B 
Add ' E and O correction/ 243" (d) i 
= 4' 03" ... J 

Sum s corrected depression . 

Observed altitude at A . 

Deduct * E and O correction/ 373" (^) 

Sum corrected altitude . 



o » •• 

a 33 3» 
4 03 



3 43 04 
6 13 



Difference 

The subtended angle is (<7) . . 

The difference is twice the refraction 

The correction for refraction is half the above, or 

To be added to * depression ' deducted from ^ elevation angles.' 

(/} Computation of difference of level B from A. 



The apparent depression 
Add refraction 

Corrected depression 
The apparent elevation • 
Deduct refraction • 



Sum 



Half sum = contained angle. 



0-79588 

9 '99956 
9.99956 

I '58993 

3-38493 



a 37 35 



3 


36 51 






44 
52 





8 





4 



a 37 35 
004 




2 36 SI 
004 


a 37 39 
a 36 47 



Log sin contained angle as log sin 2** 37' 13" 
Log secant depression » log secant 2** 37' 39" 
Log ' horizontal distance ' . . • 

Log * difference of level/ 242 ' 69 feet 



2)5 14 26 
g 37 13 

8-6600733 
o * 0004568 
3' 7344945 
2 • 3850246 
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{£) Calculation of level. 

Level of station A 275-36 feet 

Add rise A to ^ from (/)•••• 243 -69 ^ 

Level of station B Si^'oS 

(h) To find the subtended angle B to C. 

Log geodetic distance . • • 4*^9909 
Deduct log feet in one second . • 2 ' 00549 

Log subtended angle in seconds « ) 2-00^60 
log 124" . 3 ^^^^ 

(/) To find the log of 'horizontal distance' of B C at level of BL 

Log elevation of B a log 518-05 . 2*7144 
Constant log • • • • 8'3i78 

5 '03" 

The number corresponding to Uiis log is • • 0-0000108 
The given log geodetic distance • • • 4*0990934 

The log horizontal distance B C • • • 4*0991042 

(k) To find the ' eye and object correction ' for angle at B. 

Here we may proceed by the simple method of tangents. 

Log horizontal distance 4*0991 

Log tan X second 4*6856 




Arithmetical complement • • • • 

Height of instrument at B • • 4-12 
n signal at C • • •5*73 

x«6i log 0-2068 
Log of • eye and object correction ' in seconds \ — — 

^log^e" } J[^ 

(t) ' Eye and object correction ' for angle at C. 

Arithmetical complement from B • • • 1*^53 
Height of signal at B • • •5*11 
Height of instrument at C • • 4*75 

Difference 0-36 log 1*5563 

Log ' E and correction ' at C b log 5*91' • 0*77x6 

Say 6", 
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(nC) Detennination of refraction from B. 

Observed depressions at B 
Add ^ eye and object correction ' 
The sum is ' apparent depression ' 
Observed depression at C 
Add ' eye and object correction * 
The sum is ' apparent depression ' 

The sum of the two depressions is 
But the subtended angle is 

The difference is • 



e » IV 

O I O 

O o 26 

• • 

o o IS 
006 



O I 26 



O O 21 

o I 47 

024 



• • o o 17 

Half of which is the correction for refraction to be added to both angles. 
Say 8" and 9" respectively. 



(«) Cdculation of difference of leveL 

The angle of depression at B . 
Add refraction • • • 

The sum is the corrected angle 
The angle of depression at C • 
Add refraction 

The sum is the corrected angle 
The difference is • 



o I 26 
008 

. • 
o o 21 
009 



The half difference is the contained angle 



Then log 32" 

Log sin i" . 

Log secant o^ i' 34'' 

Log horizontal distance . 

Difference of level 195 feet. 



Level of B . 
Fall from B to C 



Level of C 



518-05 

''95 

5i6'io 



o I 34 



o o 30 

o ' 4 
o o 32 



«• 5051500 

4-6855749 

10*0000000 

4*0991040 

0-2898289 



Example 2. — CakulaHons of same by approximate formulm, 

(/i) Computation of difference in level B from A. 

Angle at A as 2^ 43' 04'' log tan • • • 8-67642 
Log 'geodetic distance' 3*72449 

log + 251*72 BB 2-4OO9X 
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TteL 

Apparent rise A to B . . . . . + 251-72 

Height of instrument at A • • . • + 4*32 

Height of signal at B • • • . • — 13*92 

Curvature of refraction • . . • + 0-58 

The algebraical sum is the apparent difference of \ 

level, and as the //us quantities are in the I 242 * 70 feet 
majority, it is a rise. . • » J 

Computation of difference in level A from B. 

Angle at B 2** 33' 32" log tan . . . . 8-65021 
Log horizontal distance 3*72449 

log- 236 97 = 2*37470 

Apparent fall B to A - ^3^97 

Height of instrument at B • . • • + S'li 

Height of signal at A — 11 *3^ 

Curvature and refraction • • . . + 0*58 

The algebraical sum s= difference level B to A • 242 * 64 

Hie arithmetical sum of the two differences of 1 , „ 
levelis f »>fS^ 

Mean difference of level B above A . • . 242 * 67 

As against, by the * rigorous method ' . . 242 * 69" 

The difference being 0*02 foot, represents less than one 
second of arc, a quantity far smaller than the probable error 
in the angular measurement 

Computation of difference in level C from B. 

Observed angle at B o** i' o" log tan . . . 6 • 4^373 
Log horizontal distance . • . • • 4*09910 

log • . 0*56283 

Apparent difference of level • . — 3*57 

Height of instrument at B . .+4*10 

Height of signal at C . . . — 5*73 

Curvature and refraction • . + 3'*4 

Algebraical sum = difference of level B to C . — x'96 
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Angle at C = o° o' 15" . 

Log tan I second . 

Log ' horizontal distance ' 



1-17609 


4-68557 


4 09910 


9 '96076 


— 0*91 


+ 4-75 


- 5" 


+ 3*»4 



log . 

Apparent Depression 
Height of instrument at C 
Height of signal at B . 
Curvature and redaction . 

The algebraical sum of the above is . . + i -97 

(As the plus quantities are in the majority, the 

difference of level is a risi) . . . ^^^ 

The arithmetical sum of the rise vcAfaUyA • 3*93 

Half this is the mean difference of level . • i '96 
A result almost identical with that obtained by the rigorous method. 

Hence it appears that the more simple method of tangents^ gives, in the cases 
which are likely to occur in the practice of ' minor triangulation/ results which 
differ inappreciably from those which are obtained by the rigorous, but laborious 
process, and the errors are less than those of observation when an ordinary 5-inch 
or 6-inch theodolite is used 

The actual computation indeed, is not more difficult by the rigorous methods. 
It is the numerous corrections that take time. If much work had to be done, 
tables might be prepared which would greatly facilitate work, for instance a 
table could be made giving by inspection, the ' subtended angle ' in terms of the 
' distance.' 

A table on this principle is given in the Manual of Surveying for India. Nor 
.would it be difficult to prepare a subtense-table, giving the 'eye and object 
correction ' by inspection. If such tables were to hand, the ' rigorous method ' 
would be as quick as the ' approximate.' 

The • vertical angles' will be observed simultaneously with 

JJ"?^!^ the * horizontal angles ' of the triangulation. If the vertical limb 

An yi^ be furnished with two verniers, both should be read. A Reading 

*face right' and 'face left,' should be taken, and the 'mean 

vertical angles ' deduced in the ordinary manner. 

At each station, the ' height of instrument' and ' of signal' must be recorded. 
If the trigonometrical point be in a position difficult of access, it will be well to 
establish near to hand, a bench-mark in some more convenient position, by using 
the theodolite as a level, or by observing an angle, and measuring a distance. 

After the differences of level have been computed, they should be arranged 
in closed circuits, returning to the starting point The ' rises ' and ^ fails ' should 
be arranged in columns, similar to those of an ordinary levelling book. When 
the circuit is complete, the sum of the ' rises' should be equal to the sum of the 
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* M&' It is not probable that the suimnation will be exact Judicious correc- 
tions being made, the ' reduced levels ' may be worked out as in ordinary levelling. 
Moreover, matters may be so arranged as to have interlacing circuits, whereby 
several values of each point may be obtained each from a distinct circuit. In 
this way a very fiedr average value may be obtained. 

The question now arises as to the circumstances under 

tlM Tvnnt ^ which it is desirable, or the reverse, to determine heights by 

of ▼trtifltl' triangulation. The observation of vertical angles adds very 

Aagld materially to the time which would be occupied, in observing 

****""^*^®* horizontal angles alone. It does not, however, add materially 

^'^ to the total cost of triangulation, for the time actually spent in 

observing, is small when compared with that spent in going from point to point, 

in locating points, and in putting up signals, work which has to be performed in 

any case. The computation of the differences of level is somewhat laborious, 

the result being, that the levels of a number of points, distant from each 

other by from half a mile to a mile, are determined with approximate accuracy. 

The degree of accuracy will not (with the instruments likely to be used in 

connection with minor triangulation) be equal to that of good levelling, by 

which moreover a large niunber of intermediate points would be determined. 

The question of the desirability of resorting to vertical angles, also depends 
upon the class of map or plan which it is desired to produce. If the triangula- 
tion be undertaken for the purpose of preparing a small-scale topographical map, 
and if the country be rugged, making levelling expensive, then vertical angles 
will be valuable, and the approximate levels of a number of points will be 
determined, which will be most useful as a basis for sketching in topographical 
detail. 

If on the other hand, it be desired to produce at once, large-scale plans with 
the fullest detail ; and if the country be open and level, so as to make levelling 
easy and cheap, then the observation of vertical angles is scarcely worth the 
trouble and cost Levelling will give at least as accurate results, and the levels 
of numerous intermediate points may be determined without appreciable ad- 
ditional cost The computation of levels is a matter of the utmost simplicity, 
and the system may be arranged so as to give complete checks on the work. 
Levelling, moreover, is an operation which may be deputed to persons of limited 
attainments. If levelling operations are deferred, until the detiul plan is finished, 
the surface of the ground may be covered with a number of spot-levels and 
bench-marks at a cheap rate. It is only necessary to give the leveller a tracing 
of the ground, over which he is to extend his operations, and he can locate upon 
it in the field (often without any measurements, but in any case by most simple 
ones), the positions of the spot-levels which he has taken, indicating the posi- 
tion of the staff by means of a number on the plan, corresponding with the proper 
entry in the field-book. 

On these principles therefore must the question of observing vertical angles 
or not, be determined. 
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CHAPTER VI. 

ON THE PLANE-TABLE AND METHOD 
OF USING IT 



PrdOmiiiAzy 



The plane-table is usually regarded in England as an instru- 
ment of secondary accuracy, ranking little above the prismatic 
compass, and suitable only for topographical work on a small 
scale. As usually constructed and described, it is not adapted to the preparation 
of accurate and large-scale plans. On the Continent, however, it has received 
many developments, and is classed as an instrument of precision, only second to 
the small theodolite. The imcertain climate of England is not favourable to the 




i!tit»4 



KIG. 13a. 



use of the plane-table, hence its neglect In the Tropics, on the other hand, and 
in Continental climates generally, it is of the utmost use, and for purposes of 
instruction in surveying it is invaluable. 

The construction of the plane-table, in its simplest form, is so 
Oonstnietion of ^ell known as scarcely to need description. A board about 
i' 6" or 2' o" square (fig. 132), made of well-seasoned wood, is 



a itaapU form 



supported upon a light but firm tripod stand, like that of a camera. 
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but firmer. It is attached to the tripod by means of a central screw, with a wing- 
nut beneath the stand (fig. 133) and its head recessed into the board, and covered 
with a brass washer screwed to the same. This screw serves the purpose of a 
vertical axis, allowing the table to be turned independently of the stand. By 
means of the wing-nut, it may be clamped in any desired position. 

The table is levelled (by moving the legs), by means of the long compass used 
with it, or by two small spirit-levels fixed at right angles to each other in a block 
of wood. 

Rays are drawn to the various objects by means of a Sight-Rule or Alidade, 
which consists of a plain ruler about i' 6'' long, with a fiducial edge, and provided 




SKCTION ON A.a. 
FIG. 133. 



D 



FIG. 134. 



at each end with an ordinary sight-vane, like that of a compass or circumferenter. 
It is a great convenience, however, to attach the fiducial edge, to the body of 
the rule, after the manner of a sliding parallel ruler. 

When woricing to a large scale, and when, consequently, the rays are short, 
a plumbing-fork is necessary (fig. 134). This consists of a metal foric. The 
opening of the fork is sufficiently wide, to take in the table and the paper on it 
The lower leg of the fork is provided with a hook B, immediately below the point 
of the upper leg A. The plumb-bob is suspended from the hook R When the 
point A coincides with any point on the paper, the plumb-bob hangs immediately 
below it, so that it may be brought vertically above the point which it represents 
on the groimd. Or a point may be found on the papers which is vertically above 
the station point at which the table is set up. 

A compass is a very necessary adjunct to the plane-table. The best form is a 
long (5 or 6-inch) bar needle enclosed in a rectangular box (fig. 135), which allows 
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it to play about f or lo"* on either side of the meridional line. Having once 
placed the table in its proper orientation, the compass-box is placed upon it, and 
moved about until the ends of the needle come to rest at zero, a line is then 
drawn round the box. By replacing the box within this rectangle, and turning 
the table, till the ends of the needle come to rest at zero, the table will be 
approximately oriented. 

The paper must not be fixed to the table by means of paste or glue. The 
expansion and contraction of wood and paper are not the same, nor is that of 
wood the same 'with' and 'across* the grain. The paper used, should be of the 
very best quality, and well stretched in the way described in connection with 
traverse-surveying. It must never be rolled or folded, but must be carried flat 
in a portfolio. 

To attach the paper to the table, by means of ordinary 
drawing-pins is inconvenient The heads of the pins get in the 
way of the sight-ruler. Unless the pins are put in a new 
position every time the paper is put on the table, thus making 



Xodi of 
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FIG. 13d. 



a number of holes, the perforations become enlarged, and the paper is apt to 
shift 

A better plan is to use screw clamps (fig. 136), if one of these gets in the way of 
the sight-rule it can be shifted. Four of these are necessary, but a set of six is 
convenient, so that one of the spare clamps may be put on, before taking off the 
one that is in the way. Another merit of screw clamps is, that a final adjustment 
in azimuth may be made by slacking three of the clamps judiciously, and moving 
the paper on the table. 

A good plan for small scale surveys is, to mount the board with linen pasted 
round the margins, and then to mount the paper on to the linen, which spans over 
cracks in the wood, and a nice workable surface is obtained. This is the method 
adopted largely in India. Good millboard is in every way preferable to paper. 
It expands and contracts regularly, and wind does not cause it to flutter, as paper 
is apt to do. The surface should be of the best possible quality, so as to stand 
the rubbing and scrubbing, which it will have to receive. 

White paper is painful to the eyes, pale drab, green (such as Willesden paper) 
or pale slate-colour, is more comfortable to work upon, in bright sunlight A 
pale sepia, or burnt-umber colour is, according to the writer's experience, gene- 
rally found to be the most pleasant 
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With the enumerated appliances, it is possible to produce a 
complete survey, the position of any two points being previously 
known. Usually, these will be previously determined trigono- 
metrical points, and projected on the paper by co-ordinates 
in the manner already described, or they may be the extremi- 
ties of a base line measured with a chain, the azimuth being 
determined astronomically. If trigonometrical points axe available, it will be well 
to project three at least, and prefer- 
ably more, so as to serve as checks 
to the work. 

Let A and B (fig. 137) be the 
two known points on the ground, a 
and h their projections upon the 
plane-table sheet Proceeding to A, 
the table is set up and levelled The 
fiducial edge of the sight-rule is ap- 
plied to the line ah on the. sheet 
The table is then turned in azimuth 
till the line of sight of the rule in- 
tersects the signal at B. Strictly 
speaking when the intersection is 
made, the point a on the sheet should 
be vertically above the point A on 
die ground The effect of neglect- 
ing this condition will be discussed later on. Suffice it for the present to say 
that when working to a small scale the error due to defective centering will be 
negligible. 

When the fiducial edge of the sight-rule coincides with the line a ^ on the 
sheet, and its line of sight intersects the point B, the table is correctly ' oriented' 
The relative positions of the points on the plan coincide, in azimuth, with the 
points on the earth which they represent 

At this stage of the proceedings, the compass-box should be placed on the 
table, moved imtil the needle comes to rest at zero, and its position marked as 
described When the table is set up at another station, it may be oriented, with 
the degree of accuracy which the compass is capable of {vide Traverse-surveying), 
by replacing the box within the rectangle described, and turning the table till the 
needle comes to zero. 

Now, to fix some other new point such as C. If an ordinary sight-rule be 
used, the leg of a pair of dividers, or pin, or the point of a hard pencil is planted 
at (d^ on the sheet to serve as a pivot (the nail of the forefinger often suffices), 
and the sight-rule is turned until the line of sight intersects the point C. The ray 
ac\& then drawn, a note or reference, or sometimes a rough sketch of the object, 
being made in the margin, to ensure identification. Rays are also drawn to other 
objects, such as D, which are to be fixed 

The table is now transported to B, set up and levelled. It is then oriented, 
by placing the fiducial edge along a t, and turning the table in azimuth, till the 
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line of sight intersects station A, and is clamped fast. Then the sight-rule is 
turned to C and the ray thereto drawn. The intersection of the rays a e and b c 
is the position of the point C on the plan. In like manner the positions of other 
points are fixed by intersecting the rays drawn at A, from (a) on plan, with rays 
through B, from ip) on plan. 

Finally, a ray is drawn to some new point D destined to serve as a future 
station for the instrument. 

The instrument is next set up at C, oriented on A, and the orientation checked 
by directing the sight-rule to B, and the idiy cd is drawn to D cutting the ray dd 
and thus fixing D. 

Thus, a system of triangulation may be carried on graphically. The three 
angles of the major triangles will be protracted directly on the table, analogous to 
the principal triangles of a trigonometrical survey, each point being observed to 
and from. Intermediate points will be determined by observations from these 
points, (but not observed from), corresponding to the in/trsattd points of the 
trigonometrical survey. 

If the object be to produce a topographical map, on a small scale, say -^-^ — 

00,000 

or one inch to the mile, or less, the intermediate points will be so numerous that 
the eye may be trusted for sketching in intermediate detail, such as the courses 
of rivers or roads, the position and outlines of villages, the approximate configu- 
ration of the ground by eye-contours, or even more precisely by the use of a 
clinometer, such as Abney's level, in the manner practised in military recon- 
naissance. 

If the map is ultimately to be published, on a scale of 2—- — or less„ it will 

60,000 

be well to draw the original sheets to a larger scale, say 6 inches to the mile, and 
reduce by photography. It is not easy to produce in the field the fine drawing, 
that the small scale map requires. In this manner the topographical map of India 
was produced. The parallel ruler arrangement with the sight-vane greatly facilitates 
the intersection of points, and the drawing of rays. It is unnecessary to use a 
needle or pencil-point as a pivot for the sight-rule, making holes or marks on 
the paper. It is only necessary to place the sight-rule, so that when the inter- 
section is made, its fiducial edge is near to the station point on the paper. When 
the line of sight intersects the objective point, the station point on the table can 
be intersected easily by extending the parallel bar, and the ray from it drawn. 
One hand is not occupied in holding the needle, or marking the point with the 
nail of the forefinger, but both are available for manipulating the sight-rule. 
^ It has been stated that the point on the paper should 

SriM diM to ^Q vertically above the point on the ground which it represents. 
'Conteriitf ' ^* *^ "^* always easy to satisfy this condition perfectly, and at 
ezamiaad. the same time level and orient the table. To do so might neces- 

sitate several shifts, and occasion much loss of time. It is 
therefore well to examine the nature and extent of the errors due to defective 
centering. Suppose that rays are to be drawn from some point (a) near the 
corner of the sheet, a second point (b) being already determined. 

R 
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In what follows capital letters refer to points on the ground, the corresponding 
small letters to the points on the plan. 

The tahle is set up with its centre over the station A (fig. 138). The angle 
C A B is that suhtended at A by the rays to the station B and C. If rays were 
drawn with the sight-rule through {a) on the plan, they would include the angle 
C a B, materially different from CAB. The error caused by defective centering, 
depends upon the length of the ray, and on the scale of the plan. With a table 
2 feet square it will be scarcely possible to be so far out of centre that the perpendi- 
cular A exceeds i foot. If the point observed to, were distant 5000 feet the error 
in the ray A a ^ would be 41 sees. A similar error might occur in the ray A C so 
that the angle Cab might be in error by i' aa"^. Both rays being 5000 feet long 

and the scale of the plan ^ — (nearly 6 inches to i mile), the rays as drawn, 
10,000 




no. 158. 



would be 6 inches long on paper. Now an error in the angle ca b of i' 22^ 
would displace the point r by -00002 foot, a quantity quite inappreciable. Even 
if the rays were only 500 feet long, other conditions being the same, though the 
actual error in angle would be nearly ten times greater, (nearly 14 mins. and there- 
fore appreciable), still the displacement of the point c would be inappreciable 
owing to the shortness of the rays, which would then be but '05 foot in length. 
So we see that in surveys to a small scale, even as great as 
yj^, extreme accuracy in centering the point on the paper 
over the station is not essential, except for very short rays. It 
is, however, desirable that centering should be performed as 
accurately as is possible (without great waste of time), for fear 
of accumulation of error. 
If, on the other hand, the scale be larg* such as ^^ and the distance short, laj 
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•50 feet, it is evident that an error of centering may produce a most perceptible 
error in the position of points upon the plan. The plane-table being usefiil for 
plans even on so large a scale as ^^^ ^ ^^^ cases, accurate centering is very 
necessary. 

The parallel sight-rule affords a ready means of eliminating the error of centei- 
ing. Suppose that the plane-table when levelled, and approximately oriented, 
be 80 placed that the point a on plan (fig. 139) is not over the station on the 
ground which it represents. Find a point on the paper which is vertically over 
A. Lay the sight-rule with its fiducial edge intersecting the point o exactly 
parallel to the ray ah. With the sight-rule in this position, turn the table 
in azimuth until the line of sight intersects tiie station. Hie table is now correctly 
oriented, though not correctly centered. Now with the fiducial edge intersecting 
direct the sight-rule to C. Extend the parallel bar, and without moving the 
sight-rule, draw the ray ar through a. The angle €ab\& equal to C ABand is 
therefore correct In correcting the orientation, the position of with regard to 
A may be slightly altered Usually the movement will be so slight as to have no 
effect on the orientation. If it does affect it, find a new position for and proceed 





^\Q^ 139. 



no. 14a 



as before. The question as to whether any error of centering is n^ligible or not, 
may be solved at once, by considering whether the actual horizontal distance, as 
shown by the plumbing-fork between the point on the plan and the station point, 
is an amount which would be appreciable when drawn to the scale of the plan. 
Suppose the actual error in centering were i foot, and the scale of the plan 

— ^ — , then the actual error on the plan would be of a foot, and therefore 

10,000' 10,000 

wholly inappreciable. If the scale were — , the error would be just appreciable. 

If the scale were — , it would be on paper *oi foot and therefore too serious to 
100 



n^lect 



In the course of plane-table surveying, it will often be 
convenient to fix points such as chimneys, steeples, trees, or 
comers of buildings, over which the plane-table cannot be set 
up. Nevertheless such points may be useful for the further 
development of the plan. 
Let € (fig. 146) be a conspicuous tree, whose position has been determined by 

R a 
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the intersection of rays drawn from a and b. To make use of this station lor 
further work, the plane-table is set up at a point r, near to the tree. It is then 
oriented carefully by means of the compass. Then the ray ecy^ is drawn, and 
the distance cc^ is measured, and set off along c e^^ thus fixing with a close 
approximation to accuracy, the position of the table. It is evident that as the 
distance of r, r is small, an error in orientation by compass, of even a d^^ree or 
two, will not affect the position of e on the plan. The point e^ may now be 
taken as fixed with nearly as much accuracy as r. There is, however, uncertainty 
as to the correct orientation of the table. Lay the sight-rule with its fiducial 
edge intersecting e^ and h. Turn it till the line of sight cuts B. Then check, 
by placing the sight-rule along r^ a, when the line of sight should cut A, and c^ 
be correctly determined. Rays may now be drawn from Cy^ intersecting different 
points such as d. If from a sl ray a d has been drawn, d is determined. If, on 
the other hand, no ray has been drawn at a to </, still the position of d may be 
fixed without reference to other points, and without leaving a signal atr^. Put up 
the table at </, orient with the compass. Draw rays to a and e. These rays 
should intersect on the ray drawn already at c^. If they do not, the orientation 
is incorrect The table must be moved in azimuth until they do. 

The three-point problem {pide p. 301) may be solved 

Tlw « Three- ^ graphically with the plane-table, as follows : — 

^^^ Let A, B, and C (fig. 141) be the three known points. Let O 

grapbiMUjc be the point at which the table is set up. Let A be on the left, 

B on the right, and C in the middle or behind the observer's 

back, as he regards A and B. 

Lay the sight-rule through h and a on table, and direct on A, (a being 
towards A), Through h draw a ray jt ^ jc towards C 




Lay &e sight-rule again through a, and h,, and direct on B, b being towards 
B. Through tf, draw a ray jc,, «, x,^ towards C. 

Join the intersection d of the two rays drawn tiirough a and b towards C (in 
the first and second positions of the table) with c. 

Lay the sight-rule along this line. Turn the table till the fine of sight cuts C, 
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c being towards C. The table is now oriented. Draw rays through a and b. 
Their intersection fixes ^, the point of observation on plan. These rays should 
intersect on the ray d c already drawn. 

In the second position of the table the lines are dotted, and the letters 
accented. 

llie accuracy of this solution depends upon the length of the line from c to 
the intersection of the two auxiliary rays drawn from a and ^ to C If this 
line is very short or if the angle of intersection be bad, the conditions are un- 
favourable to accuracy, and some other points must be used. 

Strictly, the table should be moved at each operation so as to bring the point 
at which the angle is drawn over the station point This precision is rarely 
necessary, and any error may be eliminated by means of the parallel sight-rule as 
already described. 

Up to this point it has been assumed that plane-table 
surveying is conducted entirely by triangulation, without using 
any appliance for linear measurement, except perhaps a 50-foot 
tape for measuring short distances. 

For topographical surveying on a small scale this method 
suffices. But when the survey is made to a large scale it would be laborious. 

Suppose that a tortuous road had to be surveyed. Having fixed two points a 
and b (fig. 143), rays would be drawn from a to a number of leading points in tho 
boundaries of the road These points would be fixed by the intersection of niys, 
drawn from b. 



Fkao-TaUiBg 
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rrc. 142. 

Now every point on the ground must be carefully marked and numbered 
in the fiist instance so that they may be identified when drawing tlie inter- 
secting rays from b. The staff-holder must be careful not to miss a point, when 
the second set of rays is being drawn, otherwise hopeless confusion, and loss 
of time and temper, would result The sheet will be covered with a maie of rays 
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If a chain or steel tape were added to the eqii^ment of the plane-tabler, 
his procedure would be obviously simpliiied. With their aid traversing can be 




; « 1 
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FIG. 143. 

parried out with the i>lane-table quite as accurately, or more so, than would be the 
case if made with a theodolite and chain, and plotted with a protractor. 




PIG. 144 



Two points C and D (fig. 143) in the road would be determined by the inter- 
section of rays from a and b. Putting: up the table at D, and orienting on A and 
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verifying on B, the position of d would be fixed. The ray de would then be drawn 
and the distance D £ measured and plotted. Intermediate distances and offsets 
would be taken as in chain-surveying. They might be plotted at once, or better, 
noted on a slip of paper, so that they could be plotted when the traverse is closed 
on C. Having laid off the distance ^ ^ the table is then set up at £, oriented on 
D, the orientation checked by rays to A and B, if these points be visible. The ray 
f/is drawn, and so on until closure is effected at C. This done, the offsets might 
be plotted, and the work, so far, would be complete. In this way the streets of a 
village might be easily surveyed. Unless the houses were flat-topped, so that the 
instrument could be put up in commanding positions, this would not be easy to 
perform by pure triangulation, and in any case, without a chain, the survey of a 
village would be very tedious. 

The most useful appliance for linear measurement that can 
be used with the plane-table, is the telemeter or tacheometric 
telescope. Fig. 144 shows a plane-table as made by Messrs. 
Kem & Co., of Aarau, and fig. 145 is an enlarged view of the telemeter telescope. 



Flftne-Table 
and Telemeter. 




FIG. 145. 



Thus equipped, the plane-table becomes an instrument of considerable pre- 
cision, and useful for filling in detail, or even for making large scale surveys of 
considerable extent, working from a carefully measured base. 

The following general rules should be adhered to, in survey- 
ing with a plane-table and telemeter. 

(tf) No new station of the table should be taken up by a ray 
and a distance only. 

Every new station should be fixed either by one ray and a 
measured distance, and a ray drawn from an already deter- 
mined station, verified by a back ray drawn at the new station 
to the second station, or, by a ray and distance from the station left, verified by 
back rays to two other fixed stations. 

(b) Only as much ground should be surveyed from one position of the table, 
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as will bring the longest distance well within the range corresponding to the per- 
missible error. In short, there should be no hesitation to shift the table. 

(r) In surveying a crooked boundary, or fence, take up a position for the table 
that will make the rays approximately tangents to the curves, rather than normals. 

(d) The orientation of the table should be frequently checked by referring 
back to already fixed points. A slight pressure on the margin of the table pro- 
duces considerable twist on the vertical axis. The clamp may slip slightly, 
unperceived, and the consequence will be, that an area will be surveyed correctly 
in itself, but displaced with regard to the rest of the plan. 

In the preparation of an extensive survey, on the scale of , it is both 

2500 

desirable and economical to traverse the roads and leading boundaries, and to 
plot them on the sheet before commencing to use the plane-table. This gives a 
larger number of points to check upon, for if performed properly, traversing is 
only second in accuracy to minor triangulation. The chances of distortion referred 
to in the last paragraph are therefore materially reduced. 

Plane-table surveying cannot be performed with economy, accuracy and 
despatch, during a high wind. The telescope vibrates too much, time is lost 
in waiting for a lull, and the staff is read hurriedly. In short, a high wind, even 
without rain, stops plane-table work. Traversing, on the other hand, can be 
carried out in windy, or even moderately rainy weather. 

Plane-table work, even if the sheets are tinted as recommended, is trying to 
the eyes, and telescope-readings are fatiguing. It is desirable to rest occasionally 
when the weather is unpropitious for plane-table work, and the surveyor can 
then occupy himself with traversing, or perhaps, measuring main lines and angles, 
only leaving the re-measurement, and offset detail work to a subordinate {^'ide 
Traverse-surveying). Each surveyor should have two sheets in hand, one in 
the traverse stage, and the other being completed with the table. The com- 
putation and plotting of the traverses, will be performed at the head office. 

Mmwring ^^'\^ the telescopic rule, differences of level may be mea- 

differeiiMt of sured, by means of the vertical angles. The staff-readings of 

Level with the the three horizontal wires are taken. 

Teleaeopie 'pj^^ apparent distance («) is the difference of the reading of 

the top and bottom wire multiplied by 100. 
The difference of level A // is given by the expression 

A // = <7 sin ^ cos B, 
An *eye and object correction' must be applied as in triangulation. 

Call rises -f-. 

Falls -. 

Height of instrument +. 

Staff reading of middle wire — . 

Sum algebraically, and the result is the difference of level. 
A slide-rule is provided for making this calculation in the field It usually 
forms part of the rule used for reducing the appareixt, to the horizontal distance. 
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The rules, usually provided, are too small, and being of clcctrum, are trying 
to the eyes. A celluloid rule 2 feet, or even 3 feet long, would be better. 

The vertical angles must be read to minutes, and the telescope should, after 
each observation, be brought to the horizontal position, and the index error read. 
In a form of telescopic rule, devised by the writer, this is obviated by attach- 
ing a good level to the frame which carries the vernier. This frame is loose 
on the telescope axis, but is prevented from revolving by a tail-piece, the ex- 
tremity of which is held between a spring and opposing-screw, attached to the 
rule. The line of coUimation, and vernier level, can be adjusted as in the transit 
theodohte. Consequently the bubble can at any time be brought to the middle 
of its run, by turning the milled headed screw. The vertical angles are thus 
measured independently, and are not affected by dislevelment of the table. 
Index error can be eliminated by adjustment of the level. If any exists, it will 
be a constant quantity which need only be determined once and for all 

The graduations of the vertical arc are on a cylindrical surface. The vernier 
is placed at an angle of 45° from the vertical, so that it can be read by the ob- 
server without moving his position at the eye-end of the telescope. The divi- 
sions are boldly cut, so that minutes may be read without using a lens. This 
arrangement saves a second or two of time at each observation, a matter of 
importance when perhaps a thousand have to be made in the day. It also 
obviates the necessity for stepping round at each observation, and running the 
risk of kicking the legs. ( Vide fig. 145.) 

As originally made by Elliot & Co., this instrument was found to be too 
heavy. The weight might be reduced by hollowing some of the parts, or by 
the use of aluminium. 

The telescope axis is borne in two Vs at the head of the pillar, and its weight 
is more or less balanced by the limb and level at the opposite ends of the axis. 
The rule is provided with top parallel bars, one at each side. Adjustment can be 
made exactly as in an Everest theodolite. 

With the telescopic rule and plane-table a complete topo< 

OompUU graphical map may be prepared. The levels of a number of 

Jj***J*f^*^ points may be fixed from each station, and entered on the plan. 

with ?.T. and Contours may then be sketched in. The vertical angles 

TeL Kiile. between two successive positions of the table should be taken 

both fonvards and backwards, and the mean used, in order to 

eliminate the effects of curvature and refraction. It would probably be advisable 

to book the main forward and backward readings, and work them out accurately 

at leisure. To facilitate this, the group of level points taken at each station of 

the table might be enclosed with a pencil line, and the levels of the points 

inscribed on the plan, correction would then be easy. 

The desirability or other^'ise of levelling with the plane-table 
Desirability has to be decided on the principles laid down in connection 
" •^IJ*^ with triangulation. If the country is bold and rugged, and the 
▼crtieal "^^^" object is to produce a topographical plan showing the 

Angkt with configuration of the ground, no better procedure than vertical 
tke ?.T. angleii, and deduced difference of levels, can be adopted. 
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If, on the other hand, the country is level and the main object is to pro- 
duce a plan recording correctly roads, fences, buildings, &c., then the surveyors 
will have quite enough to do without determining heights. Levelling will be 
performed more cheaply, expeditiously, and accurately, as a separate operation, 
after tiie plan is finished. 

The conditions under which the plane4able may be profit- 
Oonditiimi ably employed may be discussed as follows, 

under which The first question is that of climate. It would be absurd 

XbwOSa^ to use the plane-table in the Highlands of Scotland. It is a 
employed. tropical instrument Yet it is possible, that even in the British 

Isles, it would be useful for verifying and bringing to date 
Ordnance maps, in connection with Parliamentary plans. 

If a cadastral map of a country much intersected with fences has to be pro- 
duced, it is invaluable, as a secondary instrument, for filling in detail. It has the 
advantage when used with the telemeter that it involves no damage to crops. The 
staff-holder naturally walks round the margins of the fields. There is no chain- 
ing through standing crops, no smashing fences, and no annoying claims for 
compensation. 

In an open country, especially if the survey is carried on by means of an 
organised party of staff surveyors, computers and draughtsmen, the plane-table is 
not so valuable as it would be with a less complete organisation. 

To the engineer who has to study an unsurveyed country for the purpose of 
preparing a project for a road, railway, or other public work, the plane-table is 
invaluable. He can, unassisted, except by a few labourers, rapidly produce a 
contoured plan amply sufficient to locate a line of communication, in a far more 
satisfactory manner than if he proceeded at once with theodolite and level 

The preliminary survey of the St Gothard railway was 

*""'^ ^ entirely made with the plane-table. A contoured plan of the 

g^,^^ ' valley was first made to a small scale. On this, the line, with 

its numerous tunnels, was studied and located. 

The magnificent contoured map of Switzerland was produced by means of 

the plane-table, with triangulation as a basis. 

Sketching from nature, as it were, the plane-table surveyor can give expression 
to features, better than if the drawing is done at the office. The engineer can 
note many points, such as the nature of the ground and the manner of over- 
coming difficulties. 

The plane-table has been found useful for filling in the.details of a town survey 
to a scale as large as ^iir (approximately ^ of an inch to the foot), such as that of 
Kingston, Jamaica. Bolts were fixed in the ground at intersections of streets, and 
at intervals of 200 feet. The exact positions of these were determined accurately. 
Two such points were projected on each sheet : starting from one the section was 
surveyed, checking to the second. The streets of the town in question are straight 
and approximately at right angles to each other. The bolts in the north and south 
streets were ranged out with the theodolite, and the distances were measured with 
a long steel band, 10 chains in length. The plane-table was of the simple type 
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described and figured at the commencement of this chapter. The sight-rule as 
figured was designed for use with it. 

The various objects, comers, doors, veranda-posts, steps, &c., within 50 feet 
of the table were determined by rays and tape measurements, the distances, from 
place to place of the table, were measured with a good chain. As soon as finished 
the sheet was traced In this manner a plan of each street was produced, suitable 
for the design of sewers and drains, and for their record after construction. 

It was found that the detail could be drawn in to scale on the ground, in little 
longer time than would be taken to malce sketches and measurements. There 
was less chance of omissions and error than with the usual plan. 

The value of the plane table as a surveying instrument 

Hr*!!^'**^ is very much enhanced when the alidade is provided with a 

wiOLTJ^ subtense telescope, with which angles of inclination can be 

observed to points whose distances can also be ascertained, 

directly, by reading on a staff the divisions subtended by the cross hairs. 

The heights are calculated on the spot with a slide rule. The above additions 
Id the alidade as adopted in Germany, Switzerland, Egypt and the United States, 
consist of a telescope with, a vertical arc mounted on the ruler,' and fitted wilii an 
eye-piece with subtense hairs, and an anallatic lens (as described under the head 
of the Tacheometer, in the Chapter on Optics). 

The Swiss survey, and those for locating the St. Gothard and Simplon rail- 
ways, were made by this method. 

To determine each point in position and altitude, the following five processes 
must be gone through : — 

I. Set the instrument, and read the staff. 

s. Read the vertical circle. 

5. Calculate the horizontal distance, and difference of level, with, the slide 
rule. 

4. Plot distance ascertained, thus fixing the position of the point 

5. Note the height of each point above datum. 

In this way about 40 points per hour can be fixed, and a square mile of 
country with firom 1000 to 2000 points surveyed iu from three to four days. 

Tacheometric surveying is fuUy discussed in the second part of this treatise, 
and a description given of the varioiu types of tacheometer. 
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CHAPTER VII. 
LEVELLING AND CONTOURING. 

Levelling is the art of determining the relative altitudes of 
^^'^^^ points on the Earth's surface. 

Were the Earth a true sphere, the altitude of a point might be defined as its 
distance from the Earth's centre ; but, as it is spheroidal in shape, the definition is 
not exact in a general sense, though it is nearly so as regards a limited area. If 
a long pipe A B (fig. 146) were laid, from one place to another, with vertical pipes 
at intervals, and filled with water, the altitude of the water-surfaces in the upright 
tubes would be equal when the water has come to rest Further, if a network of 




FIG. 146k 

pipes were laid over a given area, connected together, and provided with upright 
pipes, the water-surface in each and every pipe would stand at the same altitude. 

A surface passing through all water-surfaces in the several pipes, would be a 
surface of equal altitude, and would be an approximately spherical surface, whose 
radius is equal to the mean radius of the earth at the latitude of the place. 

If levelling operations were conducted, from pipe to pipe, with perfect accu- 
racy, the difference of the altitude of the water-surface, or water-level, in any two 
pipes, would be zero. The surface of a still lake is a surface of equal altitude. 
So, also, would be a surface, passing through ' mean sea level ' at various places 
on tlie earth. 

It is a property of a surface of equal altitude that a plane, tangential to it at 
any i)oint, will be at right angles to a plumb-line, suspended at that point 

If the plumb-line be deflected from its normal j^osition, for instance by tlic 
attraction of some large mountain, as sometimes happens, the plane of equal 
altitude will be deflected also. 

The effect of the mountain mass, would be to produce local elevation in the 
surface of equal altitude {vide fig. 147, dotted lines), thus reducing the apparent 
height of the summit, above the general mean surface, in the neighbourhood 
thereof. But if a tunnel were driven through the mountain perfectly level, its 
invert would exactly satisfy the conditions of a line of equal altitudes as before 
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described, and it would be Itvd from a hydrostatic point of view, as well as from 
that of the engine-driver. 

The levelling instrument, in its essential parts, consists of 
a telescope with a horizontal wire accurately centred in the 
optical axis i^e Chapter on Instruments), thus affording a line of collimation, 
and two vertical wires to define a perpendicular portion of the field of view. A 
spirit-level is attached to the telescope, and it is so adjusted that, when the bubble 
is at the centre of its run, the line of collimation is horizontal, or in other words 
at right angles to a plumb-line suspended from the instrument 




leveUiniT 
opentiims. 



FIG. 147. 



To ascertain the difference of altitude ^more commonly 
called the * difference of level '), between two points, A and B 
(fig. 148), not far apart, it is only necessary to set up the in- 
strument at one point A, adjust it so that the line of collimation is horizontal, 
direct it to a graduated staff at £, and read the height h at which the cross-wire 
cuts the staff. 

Then, measuring the height of the centre of the telescope h above the point 
A, the difference between h and h^ is the approximate ' difference level ' between 
the points A and B. 




FIG. 148. 



If Ai is greater than ^, then B is lower than A, if less, then A is lower than B. 

This simple procedure would give for any two points, not more than one or 

two hundred feet apart, a practically accurate result, provided that the instrument 

were in perfect adjustment. 

jOtv^ of ^^^ ^^"S distances, however, this procedure is inaccurate, 

Cnrratiire of on account of the curvature of the * line of equal altitudes/ 

tlio Earth oa otherwise called the ' curvature of the earth.' 

Levtiliiiff. Let A C (fig. 149) be the curved line of equal altitudes, an 

arc of a circle, then B C is the true difference in level between the points A 
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and B. Draw A E parallel to I D, the horizontal line of collimation of the 
instrument, when it is evident that the apparent difference of level between 
A and B as given by deducting h from h^ is in excess of the true difference E C, 
due to the * curvature of the earth.* This excess or error amounts to about 8" * o 
or 0*67 feet in one mile, and increases as the square of the distance. 




pia 149. 

For ten miles it would be 0*67 feet X 10* = 67 feet 

For one-tenth of a mile, or 528 feet, it would be 0*67 x — , = 0*0067 feet 

only. This error would, however, be reduced by about one-sixth to one seventh 
of its amount by 'refraction/ which raises the apparent position of a distant 
object, to an extent which is somewhat irr^iilar. (See table K, p. 226.) 

The error due to curvature, is not serious in a sin^ sight taken at a distance 
compatible with the optical power of the telescope of an ordinary levelling 
instrument, but if one were to attempt to determine the difference of level of 
the first and last, of a long series of points, by proceeding successively in the 
manner above described for two points, the error would be cumulative, always 
tending in the same direction, and the final total error would be serious. 

It is, however, possible to eliminate completely all errors 

^ ^ ^ due to curvature and refraction, 

of CiurvstTDuro 

andBefraetioiL '^^ ^^ ^°^ ^ ^^ ^^y necessary to plant the level, not 

directly over one of the points, whose difference of level is to be 
determined, but midway between the two (fig. 150). 




PIG. 15a 

It is evident that by so doing, the error due to curvature and refraction will 
be equal in both directions, and that the difference between the two staff-readings 
wiU be the true difference between the levels of the two points A and B. 

The effects of both curvature and refiraction are thus entirefy eliminated, and 
need no further consideration. 
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The line of equal altitudes so determined may be treated as a truly level line, 
even in the most extensive levelling operations. 

The above is the usual practice in levelling operations, and involves no error 
as regards the physical results. 

If a railway were set out in this manner, and accurately level, the top of the 
rails would be a curved line, concave to the centre of the earth. In a length of a 
few miles, this curvature would be very perceptible, but nevertheless a railway 
carriage on the line would not tend to move in one direction or the other, for 
the rails would at all points be at right angles to the direction of the plumb-line, 
that is t6 say, to the direction of the force of gravity. 

Another, and not less important merit of the midway posi- 
!!!!l?^*^! !! !! ^ ^^° ^^ ^^ ^^^ ^ *^* ^^ eliminates completely, the effect of 
instrumental errors in coUimation adjustment. 

For example, suppose that the line of collimation is not 
parallel to the axis of the spirit-level, but makes some fixed angle 6 therewith, 
thus (fig. 151). 

It is evident that, when the instrument is exactly equidistant between the two 
staves S and Sj, the errors in reading dT tan tf, are equal and opposite in direction, 
and therefore produce no error in the determination of the difference of level of 




FIG. I5I« 



the points A and B. Provided always that the bubble remains, or is brought to 
the middle point, or to any one position in its run, when reading the staff at the 
two equidistant points, A and B. 

The following is the procedure to obtain the difference of 

Fioeednro to level between two points, A and X, separated by a considerable 

JJJ-, * ^ distance. Let A be the starting point whose altitude or * level ' 

Ltvel between (^bove a selected datum) is known, or has at least some arbi- 

two pointi. trary or rational value assigned to it Place the staff on the 

initial point A (fig. 152), and set up^the instrument at a point I, 

so that whilst the graduations of the st£^, held at A, can be distinctly read, as well 

as those of the staff held at some second point B (equidistant, or nearly so, from 

I), the position of the level can also be fixed and recorded, if necessary. With 

the level bubble in the centre of its run take readings on the staff at A and B 

respectively, when the difference of these readings will give the differences of level 

between the stations A and B. Next, whilst still holding the staff at B, remove 

the instrument to some point I,, about midway between B and the next selected 

station C. Read the staff at B and C respectively as before, which gives the 

difference of level between B and C. Proceeding in a similar manner with the 

staff held at C, D, £, F, &c., and the instrument erected at I^ I4 • . . • &c, it is 
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obvious that the difference of level between A and X, can be obtained by the 
algebraical summation of the successive differences of level between the inter- 
mediate points A, By C, D, &c., to X. 

In the operation of levelling, proceeding in the direction from A to X, the 
instrument being at I, the reading of the staff held at A is called a ' back-sight,* 
and that of the staff held at B a * fore-sight' 

I 




It is evident that the difference of level, between A and X, is the difference of 
the sums of the * back-sights,' and * fore-sights ' respectively. 
Xttbod of When, therefore, it is merely necessary to ascertain the differ- 

•imply flnding ence of level between two points, without reference to any inter- 
mediate points, the ' back-sights ' are inscribed in one column in 



the Diibxenee 

MwMB two ^^ field-book, the * fore-sight ' in another, thus 



Station. Rack -sight. Fore-sight. 

Ii ' 6-II 3*86 

I2 • 2*93 6-32 

Is i'76 0-83 

I4 . . ' » • -f 7'32 096 

Ift 695 518 

1% 5*38 4-19 



Difference . 
Reduced level of A 

Reduced level of X 



30*45 
2i'34 

+ 9'ii 
. 13^' 14 



3i'34 



(a rise) 



MS '25 



The sum of the * back-sights ' being greater than the sum of the ' fore-sights,' 
then the difference of level is a rise. Now, since the * required level ' of A (that is 
to say, its altitude ^bove mean sea-level, or some arbitrary point, adopted for the 
survey) is known, it is merely necessary to add or deduct the difference of level, 
as the case may be, to obtain the ' reduced level ' or altitude of X. In the ex- 
ample, the sum of the ' back-sights ' being greater than the sum of the ^ foTe^^ights,' 
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die difference of level is a rise, and must be added to the known level of A« A 
simpler way is to inscribe the reduced level of the starting point, at the head p^ 
the ' back-sight ' column, thus 



Station. 

ii 
I. 
I. 
I* 
I. 
I. 



Back-sighta. 


Fore-sight 


136-14 . 


> • ■ 


6ir 


3*86 


a 93 


6-32 


1-76 


0-83 


7-3a 


0*96 


6-95 


5-i8 


S-38 


4-19 



166-59 

21*34 



Reduced level of A. 



21*34 



• . Reduced level of X. 



If, having determined the difference of level between two points, in the 
manner described, one were to level back by the same, or by some other route to 
the starting point, it is obvious that the sum of the ' back-sights' will be exactly 
equal to the sum of the * fore-sights,' if the work be accurately performed. 

This simple form of level-book suffices for * trial-levels,' taken merely to 
determine the difference of level between two points. It also serves for the pur- 
pose of checking a series of levels taken in greater detail. Very frequently, 
however, levelling operations are conducted for the purpose of determining the 
levels of a number of points on a line (straight or curved) on the earth's surface, 
so that a section along that line may be prepared from which the volume of 
excavations or embankments, &c., may be calculated, for the construction of a 
railway, a road, a sewer, or a water-main. The form of field-book then becomes 
more complicated^ 

In such cases the procedure is somewhat as follows. 
Froeeduro '^^ ^® along which the section is to be taken, having been 

whtnL«v«Uieg marked by ranging rods, a staff is set up at the starting point A 
for % BaetioiL (fig. i^^)^ whose level is known or assumed. 
The instrument is then set up as above described and adjusted. 
•The distance at which the instrument can be set, depends upon its optical 
power, and upon the nature of the ground. 

It must not be so far that divisions of the staff cannot be read distinctly. On 
flat ground, this is the sole limit to the distance. On strongly undulatmg ground 
the distance must be shorter, in order that the line of coUimation may intersect 
the staff. The instrument need not be set up on the line of section, but it may 
be placed at any convenient point to the right or left thereof. Some care and 
judgment is required, in selecting the position of the instrument. The ground 
should- l>e firm, and fiairly level, and the plac^ should be so selected as to cover 
a sufficient space of ground, so as to give an approximately equal 'back-' and 

s 
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* fore-sight/ whilst permitting the reading of the staff, in the several intermediate 
positions. 

The telescope being directed to A, the staff is read, and the readings recorded. 
This reading is a ' back-sight,' as before defined 

Next, the instrument remaining at the same place, the staff is held at ^, a point 
where there is a marked change in the slope of the ground. The staff is then 
read again and noted. 

This reading is called an * intermediate sight' 

The difference between the readings at A and d is clearly the difference be- 
tween the levels of these two points. 

The distance A ^ is then chained and recorded. 

The staff is now moved to the pomt r, in the example, the crest of the bank 
of a brook ; it is again read and noted^ and the horizontal distance A r is measured, 
t^ continuous chaining from A. 




PIG 153. 



The staff is next held successively at d on the bed, at ^, also on the bed, at/ 
at the water's level, at g the crest of the bank, at A and f , and finally at B. The 
horizontal distances to the several points are also measured. The point B, to 
which the final sight is taken, from the first position of the instrument, should be 
so situated that A and B are (approximately) at equal distances from the instrument, 
for the reasons already given. 

The reading of the staff at B is called, as before, a ' fore-sight,' those at 
b^Cfd ,.,.i having been entered as ' intermediate sights. 

The horizontal distances A^, A^, Ai/, &&, are determhied by continued 
chaining from A. 

BpMial form Having thus levelled the section AB, the staff remaining 

«f r.B. for At B, the instrument is moved forward, to a second position, 

SMtion and the process is repeated. 

I«veUixig. There are several forms in use for recording the staff readings 

and dista^oes The following is oife that in the opinion of the writer, is the most 
convenient ahd oompaci. 
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FlBLI>*B00K FO&M FOR SECTION LBVBLLINO. 



Back- 


Inter, 
mediate 
Sighu. 


Fore- 
Sights. 


Height of 
In'^tru- 
ment. 


Reduced 
Levels. 


Distances. 






sights. 


Left 


Centre. 


Right. 


Remarks. 


6-32 




• • 


113-77 


107-45 
106-81 




0-00 




Reduced level of point A. 




6-q6 


,. 




.. 


100 






Point b, [stream. 


,, 


732 


• • 


,, 


106-45 


,, 


183 






„ e^ crest of bank of 


,, 


I2ri8 


,, 


,, 


IOI>9 


,, 






„ </, bed of stream. 


„ 


I3II 


.. 


• • 


100-66 


.. 


189 






» A i> >i (stream. 


,, 


963 


,, 


,, 


104-14 


.• 


— 






„ / level of water in 


•• 


4' 73 


.. 


• • 


10904 


,, 


216 






If g% crest of bank of 
„ h. [btream. 


.. 


3-13 


.. 


• • 


110*64 


.. 


293 






.. 


2*19 


.. 


• • 


111*58 


.. 


350 






•> <• 


•• 


•• 


073 


• • 


113 04 


• • 


411 




•, B. 


9-36 




,, 


122-40 




• • 


»I7 


7-42 


.. 


114-23 
114-98 


• • 


IS 


•• 




6-3a 


• • 


•• 


111-30 


A 


•• 


• ■ 


3" 


•• 


I18-I9 


•• 


• • 


•• 


rSuifon B.M. top yj 
1 of milestone. 


3'ii 




883 


.. 


• • 


., 


.. 




^Check levels. 
jClode on point A. 


i-ia 


• • 


6- 14 


•• 


•• 


•• 


•• 


•• 


26*23 




26-23 

















The staff reading at A, is entered in the column headed ' back-sights.' The 
readings taken at b^ e^ dy &c., /, are entered in the column headed ' intermediate 
sights,' whilst the final reading of the set, taken to the staff at B, is entered in the 
column headed ' fore-sights.' Then a bar is drawn, across the three columns back, 
intermediate, and fore, to indicate that the readings ti^en with the first position 
of the instrument are terminated : — 

The computation of the levels is performed as follows. 

The reading of the staff when held at A, is added to the reduced level of A. 
This gives the reduced level of the line of collimation of the instrument, and the 
sum (107*45 + 6'32 ss 113-77) is entered in the column 'height of instrument' 

The readings of the staff at b, c, d^ &c., deducted from this number, give 
the reduced levels of the several points. 

For example, the reduced level of^ is xi3'77 — 6*96« 106-81, which is 
entered in the column ' reduced level,' opposite to the reading, and to the appro- 
priate distance 100. 

Similarly, for the staff readings, at the points c^ dy e, / &c Finally, the 
' fore-sight ' to staff at B is recorded in the proper column, is deducted from 
the height of instrument, and the remainder is entered as a 'reduced level.' 

The computation of the first setting of the instrument is now complete. 

The staff remaining at B, the instrument is carried forward, and set up and 
adjusted at some other point. 

The ' back-sight ' to B, is recorded in the ' back-sight ' column, the ' inter- 

8 2 
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mediates' in their column, and finally the last sight to the staff at C (the last 
sight of the second setting), is entered in the colimin of ' fore-sights,' and so on. 

The distances are entered on the same lines as the sights to which they refer. 

The * back-sight' taken to staff at B, added to the 'reduced level ' of B, as 
obtained by the front setting, gives the height of instrument at its second setting. 

The * intermediate sights ' and * fore-sights ' are deducted, as before, from the 
*• height of instrument,' and the remainders inserted in the column of ' reduced 
levels.' 

Arrived at C, the surveyor is supposed to have completed his work, but he 
may wish to check its accuracy. To do so, he levels back from C to A, placing 
the staff and instrument at any convenient points. Between these points, per- 
haps following some different route, he also wishes to obtain, for future refer- 
ence, the level of a permanent mark, such as the top of a milestone, near to C. 
He places the staff on it and reads, then, shifting his position, he continues his 
levelling back to A, by any convenient route, and holding the staff on any 
desirable points ; but, since the levels of these intermediate points of this line 
of check-levels are not wanted, it suffices to enter the ' back-' and * fore-sights,' 
one beneath the other, in their appropriate columns, as for check-levelling. 

On reaching A, all the * back-sights ' and all the * fore-sights ' are summed up. 
If the work has been accurately performed, the sum of the ' back-sights ' should 
be equal to the sum of the * fore-sights.' 

To check the accuracy of the computation of level of the main, or change 
points, up to the B M or milestone, sum the * back-* and * fore-sights ' to the point. 

To the sum of the * back-sights,* add the * reduced level ' of the starting point, 
and from this sum subtract the sum of the ' fore-sights.' The remainder is the 
reduced level of the B.M. 



Sums . 
Reduced level of A 



Sums 

Less * fore-sights ' . 

Remainder or reduced level of B.M, 



Back-sights. Fore-sights. 

22'00 II'26 

107 '45 

"9'45 
- 11*26 



Ii8*i9 



The following is a more usual form of level-book (for an 
Vnud finm example, see p. 262) : — 

«L^MsiiiA '^^^ ^"^ ^^ columns, * back-sights,' * intermediate,' and 

LeveUing. ' fore-sights,' are the same. 

The next two columns are headed * rise ' and ' fall,' and the 
last ' reduced level.' 
• The staff readings are entered as in the first method. 

Then, by deducting the successive staff readings taken at any one position of 
the instrument, from each other, always taking the smaller from the greater, the 
'differences' of level, from point to point, are obtained and are entered in the 
columns, ' rise ' and ' fall.' 

If the reading at any point is less than that at the preceding point, then the 
* difference of level ' isa ' rise,* if greater, it is a ' fall' The * reduced levels ' are 
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obtamed by adding^ or deducting in succession from the preceding level, the *• rise ' 
or ' fall/ as the case may be. 

There is a complete check over the accuracy of work, both instrumental and 
arithmetical, as follows — 

The difference between the sums of the * back-' and * fore-sights,' must be 
equal to the difference between the sums of the * rises ' and * falls,' and also to 
the difference between the first and last ' reduced level/ If the levelling is 
carried back to the starting point, then, as before, the sum of the 'back-sights' 
must equal the sum of the ' fore-sights,' the sum of the ' rises ' must equal the 
sum of the ' falls,' and the difference between the assumed, and final reduced 
level of the starting point, must be zero. 

If the circuit does not close exactly, and if the arithmetical work has been 
checked as above, the difference must be due either to instrumental inaccuracy 
or to errors of observation. 

lliis method of keeping a level-book, involves the use of more figures, and 
the performance of more additions and subtractions than that first described. 

The ' rise ' and ' fall,' between successive points, b a piece of information 
which is rarely if ever required. 

The principal advantage of the second method is, the complete arithmetical 
check which it affords over each individual * reduced level,' and not merely over the 
computation of the * reduced levels,' corresponding to the * back-' and * fore-sights.* 

Each ' reduced level ' is derived from that immediately preceding it 

A slip in any one calculation is therefore carried forward, and comes to light 
in the final balance of the several columns. 

In the first method, there is no final check on the computation of the * inter- 
mediate ' reduced levels, but an error made in deducting the staff reading firom 
the ' height of instrument' affects, in the case of an ' intermediate,' the particular 
level only. It is not carried forward, so as to affect all the subsequent 'reduced 
levels,' and so appear in the final balance of the columns. 

Whether the security against arithmetical error, which the second method 
affords, is worth the extra number of figures, and arithmetical operations, which 
it involves, is a matter of personal opinion. 

The following is an example of the ordinary form of level-book, with rise and 
fall columns occupying two pages, so as to show how to continue a line of levels 
\ from one page to another. 

The reading 2 - 70 at the distance 28 chains is really an intermediate, but to 
check the arithmetical work on each page separately, this reading must be put in 
ibQ fore-sight column on the first page and transferred to the back-sight column of 
the next page, the corresponding reduced level being also carried forward as 
shown. 

When the ' height of instrument,' or ' coUimation level ' column is used instead 
of the rise and fall, simply carry forward from one page to the next the last back- 
siglii, together with the corresponding coUimation and reduced levels. 

In either system, in fact, for the arithmetical checking of each page separately, 
every page, as well as every set of levels, must begin with a back-sight and end 
with a fore-sirVif. 
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VXK 


^BLS TAKEN FO 
TO 


R Propossd Ns^ 


V Road g 
Date. 


OING FROM 












Rite. 


Badc- 
sigbt. 


Inter- 
mediate. 


Fore- 
si ht. 


Fall. 


Reduced 
Level. 


DUtanre 
(chains). 


Remarks. 


•• 


O'lO 


•• 


•• 




30* 00 


- 


B.M. on cover* 
ing flag of gullet, 
C on plan. 


^^^ 


Point A on plan. 
Beginning ot pro* 


\^ \ 


•• 


•• 


0-40 

S-8S 


•• 


'30 

5*45 


29-70 
24-25 


0-00 
100 


rMn 1 


f OMd roflul. 


X 


•• 


.. 


9*60 


.. 


3*75 


20-50 


2-00 


. 


•■ 


„ 


"•35 


• • 


1*75 


18-75 


300 




•■ 


.. 


12*10 


• • 


•75 


i8'oo 


.. 


Level of highest known flood. 


•• 


.. 


12-30 


.* 


•20 


17-80 


4-00 




•• 


432 


.. 


12-56 


-26 


17^54 


5-00 




•• 


.. 


7-35 


.. 


303 


14-51 


600 




•• 


• • 


780 


.. 


•45 


14-06 


7-22 


Top of left bank of streanu 


,, 


„ 


12-14 


.. 


434 


rl^ 


•• 


Mean (summer) water level. 


., 


• • 


1354 


., 


1-40 


832 


7-28 


Bottom of stream. 


•26 


.. 


I3'28 


.. 




8-58 


7-76 


»» »t 


4-68 


., 


8-6o 


■ ■ 




13-26 


7-85 


Top of right bank of stream. 


3'2S 


.. 


535 


.. 




16-51 


9 00 




408 


ii*78 


.. 


I 27 




2059 


10-00 




3-88 


.. 


7-90 


.. 




2447 


11-00 




2-94 


«-37 


>• 


496 




27-41 


12-00 




3-17 


•• 


920 


.* 




30-58 


13-00 




31S 


•• 


605 


• • 




33 73 


1400 




I 25 


.. 


480 


•• 
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The levelling-stafif is a graduated wooden rod. For descrip* 
2J* 5UV? tion and means of ensuring verticality, vf^/^ Chapter on Imstru- 

W^gi^ MENTS. 

Formerly, it was provided with a sliding vane, which was 
moved up and down, by the staff-holder, according to signals given by the ob- 
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server, until the centre line of the vane was intersected by the horizontal wiro 
of the level-telescope. 

The height to the centre of the vane, was then read off from graduations oo 
the staff 

The staff was made telescopic, to facilitate the movement of the vane, when 
above the reach of the staff-holder. Such a staff is required, when an instrument 
unprovided with a telescope, such as the water-level, is used. 

In the early part of the present century, the optical powers of level-telescopes 
was greatly increased, so that the graduations of the staff could be read by the 
observer direct 

This plan is now universally adopted in England, and on the Continent 

In America, the writer believes that the vane-staff is still employed. 

The levelling instrument is usually entrusted to a subordinate, whose duty it 
is to adjust it, and to direct the staff-holder to move the vane to its i»^oper posi- 
tion. 

The chief surveyor reads the staff, and records the reading, as well as the 
chain measurements made from station to station. 

He is therefore able to keep with the chain-men, supervise them, and select 
the alignment of the line of section, and the positions of the staff, without the neces- 
sity of going backwards and forwards between the instrument and the chain-men. 

The observer keeps a subsidiary level-book, which serves to check the surveyor's 
book. 

The surveyor will always do well to cause the staff to be turned round in 
his presence, as he passes it, and to make sure that it is replaced Exactly to the 
original position on the ground. 

If the ^ound is soft the staff at 'fore' and 'back-sights' should be placed ona 
stone or flat piece of wood, firmly embedded by the heel of the staff-holder. 

When the highest accuracy is required the staff should, at the ' fore ' and ' back- 
sights ' respectively, be held on a firmly driven-peg with a rounded nail in its head. 
loiahoXixki. ^^ conducting levelling operations of an extensive character 

it is often desirable to ascertain the level, not merely of points 
on the ground along a line of section, <^ in the neighbourhood thereof, but t6 
determine the level of some permanent objects or points, for future reference or 
for the purpose of checking. Such points of reference are called ' bench-marks.' 

The Ordnance surveyors of Great Britain incise 
on walls, gate-posts, &c., the well known mark or 
broad arrow (fig. 154). 

These are shown on the maps with their level 
inscribed. 

The centre line of the horizontal V-cut incision 
is that to which the inscribed level refers, thus <— , 
so that when using an ordnance B.M. the heel of the no. 154. 

staff ^ould be held level with this line. 

The Ordnance mark is not altogether convenient, since the staff is not sup- 
ported by anything solid, and may therefore slip. 
. Abetter plan prevails in some Continental cities, where the official bench- 
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marks consist of small cast-iron brackets built into the wall, on which the staff can 
be held. 

A tablet with a reference number is provided, for identification, in the bench- 
mark book, and in some cases the level is inscribed on the tablet 

Private surveyors will rarely find it convenient to cut bench-marks, since they 
cannot generally afford the time to do so. 

It is better to use existing objects on which the staff can be placed, for 
example, the tops of milestones, thresholds of doors (close to the jamb where 
there is no wear), window-sills, the pavement of the footpath at a street comer 
(dose to the angle of the house), tops of guard-posts at street comers, cascabels 
of guns (often planted at street comers), the pavement or curb at the base of a 
lamp-post, hinges of gates, and the like. 

A neat sketch of the object forming the bench-mark should be entered in 
the level-book, with an arrow indicating tiie position of the staff. Thus (fig. 155). 

In extensive levelling operations, for 
Public Works, these sketches should be 
copied into a reference book, with full de- 
scriptions of position, and the reduced levels 
of each. This record will be of great service 
in future operations. 

If, in a place where the British Ordnance 
bench-mark is in use, the surveyor desires 
to incise a bench-mark, he should adopt a 
different form of mark; for example, an 
arrow without the horizontal bar, thus A , 
in order to prevent confusion. 
I In levelling a long line of section, it is 
well to establish numerous bench-marks in 
convenient positions, say one at every half- - 
mile, and this will greatly facilitate check- 
ing. 

The surveyor, having completed a line of section, should check his work by 
levelling back to the B.M. from which he started, using the method of booking 
described as ' check-levelling.' 

If, on closing, a serious error is found, then by comparing the first and second 
determinations of the levels of the several B.M.'s. en route, he will ascertain the 
section in which the error has occurred ; and he need only verify or re-level that 
section, and not the whole work. 

Levels are referred to some determined line or plane, of equal 
altitude, called a ' datum-line' or ' datum-plane.- 

The use of the word * plane ' is not strictiy correct, for a surface of equal 
altitude is a spherical surface, as already shown, though the difference between the 
plane and spherical form may be neglected. 

The only natural datum-plane or line, is that of ' Mean Sea Level,' obtained 
at any place by taking the level of the sea, at intervals of an hour, for a period of 
a year or more. 
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The datum-plane of the English Ordnance Survey is supposed to be M.S.L. at 
Liverpool. 

There being some doubt as to the accuracy of the determination of this level, 
Ordnance datum is practically an arbitrary datum, or plane, so many feet below 
certain marks. 

Parliamentary regulations prohibit the adoption of Ordnance datum for sections 
of roads, railwa3rs, and other Public Works, submitted for sanction. 

All levels must be referred to that of some permanent and easily recognised 
mark. 

The datum-line must be definite, as being so many feet above or below 
some object, such as the step of a church, &c 

It is permissible to use an Ordnance B.M. as the primitive point, and to 
define the datum-line as being so many feet below the same, quoting, if the sur- 
veyor sees fit, the level of the B.M. as given by the Ordnance Survey, but he 
is not permitted to define the datiun-line of a Parliamentary plan as ' Ordnance 
datum' or so many feet above or below it Mean sea level is by no means 
convenient in all cases, as the datum for engineering purposes. 

A tOKn may be situated several thousand feet above sea level, and in such 
a case it would be obviously inconvenient to refer the levels of such a town 
to M.S.L., owing to the number of figures required, even though the altitude of 
some point in the town above M.S.L. were accurately known. 

In such a case, some arbitrary datum should be adopted. 

Again, in the case of sea-port towns, there will be constructions, such as 
sewers, docks and sea-walls, some parts of which will be above, others below 
mean sea level. 

If mean sea level were adopted as datum, much inconvenience would arise 
owing to the necessity for inscribing -h or - before the levels ; and to ascertain 
diflferences of level, subtraction or addition must be used, as the case may be, 
causing confusion, and increased liability to error. 

In such cases, a datum-plane, well below any probable structure, should be 
assumed. In the case of the City of Bombay, General Delisle adopted as a 
datum, a plane loo feet below a certain plate of brass, in one of the steps of the 
Town Hall, a point a little above the average street level. 

It was afterwards ascertained, by tidal observation, that mean sea level was 
80*30 feet above that datum-plane. 

Extreme high water of spring tides was about 89, and extreme low water 
about 71. 

AU the levels of the dock-works are therefore positive, coping level being 
91 '00 feet, say, and foundations 53 and so on. 

Even the levels of the harbour-bottom in the fairway, are positive. 

This proved a most satisfactory arrangement 
^^ fltimi ^ making a section for the construction of a line of road 

Levelling. ^"^ railway, it often happens that the ground slopes transversely 

to the line of section ; hence, to calculate the volume of excava- 
tion and cutting, cross-sections taken at right angles to the central section-line are 
necessary. 
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Provision is made for entering these in the sample field-book. 

Under the heading ' distance/ there are three columns headed * left,' * centre,' 
and 'right' In the 'centre' column, the chained distances along the central 
section line are inscribed, to point out in it what levels upon it were taken, and 
those at which cross-sections were run. 

In the columns Meft' and 'right,' the distances measured at right angles to 
the line, to level points rig^t and left of it respectively, are inscribed. 



Form op Fibld-Book for Cross-Sbction Lbvellino. 



BMk. 


Inter- 
mediate. 


Fore. 


Height of 
Instrument. 


Reduced 
Levels. 


Distances. 


Left. 


Centie. 


R^ht. 


6-;a 


• • 

a 31 

7.42 

10-78 




8r78 


75-36 

78-67 
79'47 
7436 
72-48 
77 18 
71-08 


i? 

•• 

so 


700 

700 

700 

800 
800 


• • 
30 

75 



This reads as follows : — 

The level of the ground on the section line at 700 is 78 * 67 ; at a point 43 feet 
from 700 to the left the level is 78*67. 

Again, 61 feet left of 700, the level is 79*47 ; whilst 50 feet right of 700 the 
level is 74*36. 

At 200 on centre line, the level is 72*48; 50 feet left of 800 it is 77*18; 
whilst 75 right of 800 the level is 71 *o8. 

In very transverse sloping ground the measure of cross-sections with the 
level is laborious, inasmuch as one or more movements of the level may be 
required for each section. 

In such cases it will often suffice to take the angle of slope with a clinometer. 

A staff is i^ovided with the vane fixed at the height of the observer's eye. 
The observer stands at a point on the line, and the vane-staff is held in a direc- 
tion at right angles to the line at some distance right or left, so selected as to 
give a ixa average measurement of the general slope. 

The angle of ' elevation ' or ' depression ' of the vane is then observed, and 
may be inscribed opposite to the central distance in the columns headed ' left ' and 
' right,' as the case may be, marking elevations and depressions. 

These angles may be plotted on the cross-sections by means of a common 
protractor. 

The same form of level-book serves for taking numerous spot levels, over the 
site of some intended work. 

The surveyor sets out some central axis line, driving pegs at intervals of 
xo or 20 feet along it 
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At each of these points he sets out a cross-section line, at right angles U> the 
axis line, and pegs out distances of lo or 20 feet along it also. 

Having done this, he proceeds to level, taking the levels of as many points 
as come within the range of the instrument at one position ; then he shifts the 
instrument, and proceeds to take the level of more points, and so on. 

. It is evident that the form given affords the means of recording the position 
of the level points, with the minimum amount of writing, and yet with perfect 
precision. 

He may take the levels in any convenient order without any sacrifice of 
clearness. 

When a long line of levels has to he run in haste, it is de- 
- -^ * sirahle to have some means of checking, which does not involve 

a second levelling operation. 

One method of eliminating mis-readings, is to read the staff twice at points of 
importance, such as points of change ; firstly, with the staff in the ordinary posi- 
tion, zero downwards; secondly, with the staff inverted, zero upwards; or by 
figuring the staff on both sides, the zero of one being different from that of the 
other. This double figuring is used on the lo-foot Ordnance Survey pattern. 
This staff can be read four times by reversing it and then turning it end for end. 
This cannot be done with the telescopic staff. 

In the great levelling operations of India the following plan was adopted. 

The staves were graduated on both sides. On one side the divisions were, 
black on a white ground, on the other red on a black ground. The divisions on 
one side, say that with white ground, had the zero at the bottom of the staff 
reading to 10*00 at top, as usual. On the other side, that with the red on black 
divisions, the graduations started from 5 * 55, at the bottom of the staff, reading to 
15*55 at top. 

The readings of the two sides of the staff will differ by the constant number 
5*55, if correct 

This plan was well adapted to the case in which it was used, which was to 
determine, with the highest degree of accuracy, the difference of level between 
points some 1500 miles apart 

The precautions, taken at every position of the instrument, were numerous. 
The duplicate readings of the two sides of the staff were, however, not considered 
to be sufficiently complete, as a check on gross errors of reading, to dispense 
with the running of a second check-level over the same ground. As observed 
in Smith and Thuillier's Indian Manual, 'Errors of reading are, however, of 
such uncommon occurrence, and the results from black and white faces so con- 
stantly coincide " (I e. differ by the correct amounts), " that the observer, iA 
writing down the second result, is liable to be biassed by it, and to imagine 
that they coincide when in reality there is a difference." 

The mistake might not be found out till it was too late to correct it 

For ordinary purposes check-levelling is to be preferred to multiplying the 
readings, as being the most efficient check. 

- Bench-marks should be numerous, so that if any error is discovered a short 
length only will require to be re-levelled 
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Moreover, it is found that levelling in opposite directions tends to eliminate a 
slight cumulative error, which is positive when working in one direction, negative 
in the other. 

When the utmost expedition is required, it will be well to employ a second 
check-leveller, to level from bench-mark to bench-mark, closely following the chief 
surveyor. 

Any intelligent artisan can be taught to take check-levels in a few days (of 

course one who can do an addition sum). He will probably do so with as great 

accuracy and less liability to error than the chief surveyor, for he has nothing to 

do but to attend to the adjustment of the instrument, and to the accuracy of his 

readings. His mind is not occupied with such matters as selecting the line, taking 

cross-sections, controlling the chain-men, and the like. When, therefore, the 

greatest rapidity of work is desired, there should be no hesitation in incurring the 

moderate expense of a check-leveller, and one or two staff-men. 

The closing error in levellings, with ordinary care, and 

Degree of reasonably favourable conditions as to weather and ground, 

AeeoTftev ia 

Levelling. should not exceed o* lo feet per mile, mcreasing as the square 

root of the distance in miles. That is to say, 

feet 
Permissible error in i mile . • • • o* lo 
„ „ 4 miles. • • • 0*20 

» n 9 >i • • • • <>'3<> 

„ „ 100 „ . . . • I- 00 

If the surveyor levels a certain distance, and then back again by the same, or 
even by a different route, bench-mark to bench-mark, the permissible closing error 
is that due to the distance between the extreme points. If, for example, a distance 
of one mile were levelled, in both directions, the permissible error on closing 
would be o' 10, although the total distance leveUed is two miles. 

The reason of the above is, that certain errors tend to accumulate with oppo- 
site signs according to the direction in which the operation is performed ; for 
instance, when levelling up-hill the back-staff readings are greater than the fore- 
staff readings, and any deviation from the vertical position of the staff, tends to 
augment the back-readings far more than the fore-readings. There is therefore a 
tendency to a cumulative error inasmudi as the back-readings are, if anything, 
in excess of their proper value. When levelling down-hill, however, the tendency 
will be to augment the fore-readings. The result will be that the two errors being 
in opposite directions, will tend to compensate each other. The final closing 
error may be quite permissible, yet the determined height of the hill may be 
materially too great. 

In the closed circuit there is not necessarily the same regular tendency to 
compensation, and consequently a greater error per mile is to be expected 
p i tfl to be '^^ following are the principal points that have to be 

attended to, attended to in order to secure accuracy in levelling : — 
to leenxe (a) Equality and moderate length of back- and fore-sights. 

^niaA7 in {^^ Accurate, permanekit ajid temporary, adjustmei^t of the 

T ^**fi^' , instrument 
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(c) Verticality of the staff. 

(d) Solidity of points of support of staff, together with care in preventing the 
staff from slipping or settling when turned in changing from fore^ to back-sight 

(g) Solidity of ground on which the instrument stands. 

(/) Care in reading to avoid clerical errors. 

(g) Accurate focussing of the telescopes. 

Before considering the above points in order, it will be well to indicate the 
d^ee of accuracy to be aimed at, in each instance. This is a question which 
can only be decided by individual judgment, and experience. 

The beginner will do well to aim at a standard of accuracy in excess of the 
requirements of the case. The more accurate his levelling operations, the greater 
will be the appreciation of his work, for, a series of permanent bench-marks, 
established, say in taking a section for a road or railway, will be of great use 
during construction if the levelling be accurate. Work may be set out from them 
direct without going to the trouble of re-levelling. Again, a series of reliable 
bench-marks, distributed over a tract of country, will always be valuable, since 
the levels for projects of improvement, such as roads, sewers, and the like, may 
be picked up from them and referred to some common datum, without the labour 
and expense of distant levelling, possibly to some primitive bench-mark. For 
these reasons, the levelling operations of a Department charged with the construc- 
tion of public works, should be uniformly conducted with all possible accuracy, 
and if this rule be adhered to, the district in question will gradually be dotted 
over with numerous bench-marks, all of which will be useful in the future. 

On the other hand, it would be out of place to spend the same amount of time 
and money, when levelling for a mountain road, as would be essential in the case 
of a survey for a great irrigation canal, where the fall does not exceed a few inches 
in the mile. The golden rule is to be as accurate as the available appliances 
permit. With ordinary care, work good enough for all practical purposes may be 
done, with instruments of ordinary size and construction, without any unreason- 
able expenditure of time and money, by careful attention to certain points of 
detail 
XaiuiitT ftnd ^^ ^^ ^®^" already shown that by taking equal back- and 

modftnte fore-sights numerous errors are eliminated, namely, parallax,, 

UngOk of refraction, errors of permanent adjustment, that is to say want 

•fore-* and ^ Qf parallelism between the bubble and line of coUimation. 
"** '* Provided always that the temporary adjustment of the instru- 
ment is correctly made as hereafter mentioned. If the highest accuracy is 
required, such as when determining the surface slope of a large canal or river, or 
the difference of level between two sluice sills (cases in which an inch may be of 
scientific, or legal importance), then accurately chained equal distances should be 
adopted. It would also be well to adopt one and the same standard distance^ 
throughout the line of levels. If for any reason the two staves have to be plaqed 
nearer together than the standard distance, then the instrument should be placed 
at the apex of an isosceles triangle, the space between the fore- and back-staff 
forming the base with the standard distance being the sides. By adopting a 
standard distance the focal disMice will be constant, thus avoiding any error due 
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to looseness, or inaccuracy in the draw-tube. The collimation error will also be 
constant. Lastly, optical errors will be eliminated by the equality of the sights. 

In ordinary engineering levelling, it is scarcely practicable, and not essential 
to use strictly equal fore- and back-sights. Approximated equality should be 
attempted, as far as ph3rsical conditions permit 

One must guard against certain tendencies. In levelling up-hill there is a 
strong tendency to use longer back-sights than fore-sights, especially if a staff 
longer than ten feet be used, whilst in levelling down-hill the reverse is the case. 
This tends to produce an accumulative error, which is not eliminated or reduced 
by check-levelling. The result is a tendency to make hills too high. In levelling 
a section in flat or gently undulating country, there is a temptation to make the 
fore-sights longer than the back-sights, for the surveyor is naturally anxious to 
survey-in the greatest possible extent from one position of the instrument. 

From every point of view, it is therefore desirable to equalise the fore- and 
back-sights. This may be done by pacing from the instrument to the fore-staff, 
and then from the same to the new position of the instrument, noting the distance 
in the margin of the level-book. The beginner is tempted to use too long sights. 
The longer the sight the greater will be the error introduced, or left uncompen- 
sated for inequality. 

The maximum desirable length of the sight which should be 
\^^ taken, depends upon the optical power, and perfection of the 

telescope, and to some extent on the eyesight of the observer. 
The distance of the staff should be no greater than tiiat at which the most 
minute divisions are distinctly visible. The writer has found that, with an or- 
dinary 1 2-inch level, about aoo to 250 feet, or three to four chains, is the proper 
limit of distance between instrument and staff. Of course, relatively unimportant 
points, such as intermediate readings on a cross-section, may be taken at greater 
distances, for any error in them is not carried forward. 

Long sights really effect little saving in time. After a little practice, the 
surveyor learns to set up and adjust the level very quickly, and with sights of 
moderate length he keeps in touch with his chain-men, saving time and fatigue 
in going forwards and back to read chainments, to align the chain, to take offsets, 
to select positions for the staff, &c. He also avoids the chance of errors which 
are very likely to occur when measurements are shouted to him from a distance, not 
to mention the loss of temper which such proceedings tend to produce, especially 
as sometimes happens when the surveyor is but imperfectly acquainted with the 
language of his assistants. 

It is naturally desirable that the permanent adjustments of 

^*^'|'***» the instrument should be as perfect as possible. Of these, the 

IJJJJ'J^^^yj^jy essential one is the parallelism of the level and line of collima- 

A4Jiistiiient of tion. By attending to the precautions above indicated, as to 

the iBftmment the equality of fore- and back-sights, any error due to imperfect 

permanent adjustment is eliminated. The writer, therefore, 

does not recommend the surveyor to torture his level with the view of obtaining 

perfect permanent adjustment In so doing there is a chance of breaking or 

stripping a screw, thus perhaps crippling the instrument when far from any means 
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of repair. If the level-bubble will remain, within one or two divisions of the 
central position, during a complete revolution of the telescope, and if the line 
of collimation be correct to the nearest hundredth of a foot at a distance of loa 
or 150 feet, the writer would let well alone, and trust to the elimination of error, 
by attention to the precautions above described. 

The temporary adjustments of the level consist in bringing the axis of the 
instrument into a perfectly vertical position, then if the permanent adjustments are 
perfect the level bubble shoiild remain in the middle of its run throughout one 
revolution of the instrument, and the line of collimation should be horizontal in 
every position of the instrument But all the permanent adjustments are rarely 
perfectly made, or indeed seldom remain stable. That which places the level 
and line of collimation at right angles to the vertical axis, rarely remains correct 
for any length of time. Some flexure takes place, either in carrying or on 
account of unequal heating by the sun. The writer has rarely found that a level 
would ' traverse,' that is, that the bubble will remain stationary in all positions of 
the telescope correctly after a few days* use. After all, correct traversing is a 
convenience rather than an essential point. The essential is that the line of 
collimation should be parallel to the bubble. Then it is only necessary to 
bring the bubble to the middle of its run when reading the staff to secure 
accuracy. Assuming that the permanent adjustments are approximately correct, 
this can easily be done by slighdy touching one of the ' plate screws,' if a 
three-screw instrument be used, or two if it be provided with four screws. 

It is a good practice to set up the instrument so that if it be a three-screw 
one arm of the tribrach (or if a four-screw a pair of screws) is in the general line 
of the work. In any case, the bubble should be brought exactly to the middle of its 
run^ when reading any important sight, such as afore- or back-sight. 

Some instruments are provided with a mirror, mounted at an angle of a little 
less than 45° to the telescope above the level, by means of which the observer 
can see the level-bubble without moving from his position at the eye-piece. The 
writer cannot however say that he has found this to be a very satisfactory 
arrangement The mirror is necessarily somewhat long, and is a good deal in 
the way and apt to get knocked about It is better to step to the side and look 
directly at the bubble, the hands will then be in convenient position for touching 
the screws. 

The same effect is produced far more effectively in the excellent level invented 
by Wagner (made by Tepsdorp in Stuttgard, Germany, and sold by Adie in 
London, vide description of instruments). In this an image of the level-tube and 
bubble is visible in the field of the telescope, to the right or left of the image of 
the staff. The observer therefore sees simultaneously the staff and the bubble, 
and by means of a fine micrometer screw he can bring the bubble to the middle 
of its nm, at the instant of reading the staff. The writer has used these instru- 
ments for many years, and recommends them strongly, especially for work in hilly 
countries. 

This subject has been already dealt with when * describing 

of Staff ^^ ^^ ^^ ^^ levelling staff. The longer the staff, the greater 

is the error produced by any given deviation from verticality. 
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wlien reading near the top. Therefore let a staff of moderate length be used, 
gay, ten or twelve feet long at most. 

A line of levels may intersect a brook, a section of which is required. When 
held in the bed of the brook, the top of the staff may be below the level of the 
line of collimation. Now the level of the brook does not demand great accu- 
racy. It would be waste of time to shift the instrument, merely for the levels of 
the brook« To meet such cases a square rod exactly five feet long, with small 
brackets or cleats nailed to the sides with their tops at one, two, three and four 
feet from the bottom is used 

By holding the staff on one of the cleats, it may be brought within range of 
the instrument, and the proper number of feet can be added to the staff-reading. 
This arrangement should not be used in the case of fore- or back-sights. 

It is obviously desirable that the instrument should be set 

tilt eroimd oa ^P ^" ^^^ ground. If it settles during the interval between 

whieh tilt the reading of the fore- and back-sights, an error will be intro- 

In**""™*"* duced. In soft or boggy ground, the vibrations caused by the 

^*"^ movements of the observer will prove sometimes annoying. 

Firm ground should. therefore be selected for the erection of the instrument 

If it is absolutely necessary to erect the instrument on soft ground, then the 

best plan is to support the legs on strong, firmly driven stakes. If the means of 

so doing are not available, then the only plan is to read the fore- and back-sights 

in rapid succession, each time bringing the bubble to the middle of its run, the 

observer shifting his position as little as possible. 

Displacement of the staff, when turning from fbre- to back- 

fam^ te ^^^ *^^ taking up a new position of the instrument, is a 

m^^^ fertile source of error. If the staff were held on the top of a 

clod in a ploughed field, it may, when turned round, sink or 

dip down for a tenth of a foot or more, thus introducing an error that will 

be carried forward through the rest of the work. In such cases, the staff should 

be held for the change on a peg, or on a stone 

firmly stamped down into the ground. 

The appliance shown in fig. 156 is useful in such 
cases. The plate is firmly stamped down, and the 
staff is held on the spherical boss in the centre. 

In hilly coimtries, if the staff be held on a sloping 
lace of rock, it is apt to slip down when it is turned. 
It may rest on one angle only when the act of 
turning is pretty sure to let it down if the turning is carelessly performed. 

The writer makes it a practice to turn the staff with his own hands, as he 
passes it, in going forward to a new position of the level The surveyor should 
never hesitate to take an extra sight as a fore-sight, in order to secure a firm 
position for the change. Thus in levelling a section for a sewer, along even a 
good macadamised road, it is prudent to plant the staff for the change on thcf 
curb, and not on one of the level points on the road. 

Settlement of the staff always tends to make an error in one direction, that is 
to say to increase the back-sight unduly. The error is therefore cumulative. 

T 




Digitized by 



Google 



274 SURVEYING 

^^^ 1^ After a little practice, errors in reading should be rare* 

Beading, to occurrences. When they do occur, they will generally be of 

afold eloriMl considerable magnitude, such as a whole foot, a mistake of six 

•"""• for nine, or the like. Probably the best plan is to make sure 

of the whole feet and book them, then look to the bubble and read and enter 

the hundredths. The only effective way of detecting clerical errors is to re-level 

from bench-mark to bench-mark. 

It is all-important that the cross-wires should be exactly in 

VoevMliiff. ^® common focus of the eye-piece and object-glasses of the 

telescope. It is quite possible to adjust the object-glass so as 

to give a distinct image of the staff, even if the eye-piece be so far out of focus 

with regard to the cross-hairs that they are quite invisible. 

With instruments of ordinary quality, it is also possible to obtain a distinct 
image of the staff, and a fairly distinct image of the cross-hairs, although the 
latter are considerably out of the common focus. When this is the case the 
image of the wires will shift with regard to that of the staff, when the eye is 
moved up or down or to the right or left If, under these conditions, the staff 
be read with the centre of the eye, above or below the centre of the eye-piece, 
an error of several hundredths of a foot may be made. The eye-piece should be 
adjusted so that a distinct view of the cross-hairs is obtained and so that their 
image appears to be fixed on the staff, notwithstanding a movement of the head, 
as described in the chapter on instruments and their adjustments. 
yiitiAtiiip Many methods are in vogue for plotting sections. The 

g^Qtloas. following form of section is one that the writer finds convenient, 

and is plotted from the field-book on p. 262. The base line at the 
bottom is the datum-line or a line at some round number of feet above it 
Beneath it are other lines forming columns in which are inscribed the following 
numbers (fig. 157): — 

Distances, reduced levels : copied from field-book. 
Formation level in the case of a road or railway, or invert level in the 
case of a sewer, calculated from the known points A, C, etc. 
Height of bank, or depth of cutting. 
The formation level is put on after the section is plotted, and the heights of 
bank and cutting are then computed and inscribed, and are then available for the 
computation of quantities. 

It is usual to plot the vertical heights, to a larger scale than 

******[iS°^ *^® horizontal distance. The object of this is to give a clear 

0^^]^ idea of the variations of level and slope of the ground If a 

section of a piece of ordinarily undulating ground were plotted 

to a natural scale, that is, if the same scale were used to plot both the vertical 

heights and the horizontal distances, the resulting section would be merely a 

slightly undulating line, varying litde from a straight line ; and giving no idea of 

the height of embankments or of the depths of cuttings. Another reason for 

increasing the vertical scale is that the measurement of the verticals is more 

important than that of the horizontal dimensions. For example, in the case of 

an embankment with sloping sides, an error of one foot in scaling a length of 
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one hundred feet^ only affects the contents of the bank by i per cent. But the 
area of the cross section of a bank varies, roughly as the square of its height, 
consequently if the bank were ten feet high, an error of one foot in scaling this 
dimension would introduce an error of about 20 per cent in its area. G^erally, 
accuracy in vertical dimensions is more necessary than in horizontal dimensions, 
because the latter can be, for the most part, obtained direct from the inscribed 
figures. The ratio of vertical exaggeration must depend upon the formation of 
the ground, and on the piupose for which the section is taken. For sewer- 
sections an exaggeration of 10 to i is convenient, and the scales may be ^ and 
Y^ir respectively, corresponding to 2 feet and 20 feet to one inch on the duo- 
decimal system. Horizontal measurements may be read to o * i foot, and vertical 
to 0*01 foot approximately. 
Takinff oat Areas may be calculated from an exaggerated section, by 

AreM from equalising the section line in the manner described in the case 

Zxaggeratod of offsets in horizontal measurements, either graphically by the 
computing scale or by the planimeter. 
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FIG. 158. 



The area of the strip A B C D, the ratio of vertical exaggeration being n to i, 
as obtained by multiplying the height and breadth, both measured off* with the 
horizontal scale, would be exactly n times too great. The same would be the case 
for all other strips, and for the figure which they jointly constitute. To obtain 
therefore the correct area of a section, it is only necessary to obtain its area by 
any method, using the horizontal scale for all dimensions, and then dividing the 
result by the ratio of exaggeration. 
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CONTOURINO. 

Contours are curved lines on a plan, which represent the in- 
terception of planes of equal altitudes at fixed vertical distances 
apart, with the undulating features of the country, district, or 
site surveyed. 

When a plan is contoured, it conveys an accurate idea of 
the features of the area surveyed, showing the exact position 
of the hills, valleys, watersheds and watercourses, and on such 

T 2 
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a plan it is possible to lay out the best general direction for a road or railroad 
between any two points. Such plans are also most valuable from a military 
point of view, as indicating the defensive or offensive capabilities of the district 
Contoured sites of a more limited area are often required for the location of 
buildings, reservoirs, fortifications, &c. 

Suppose now that a model of a piece of ground is prepared 

constructed to scale, and that it is placed in a tank or cistern 

with a level bottom (fig. 159). 

Suppose further that water is poured into the tank to a depth of say one mch, 

representing according to the vertical scale of the model an altitude of 30 feet 

Then let the water nuugin be traced on the model (fig. 159). Then let more 



mvftratian bj 




Section showing successive water ievets^ 




Plan showing successive "contours." 
no. 1591 

water be poured in to a depth of two inches and another curve traced ; and so 
on till the model is completely submerged. The successive curves or ' contours,' 
when projected on a plan, give an accurate idea of the conformation of such a 
model or the country it represents, provided always that the interval between 
them is sufficiently small The interval between two contours divided by the 
distance between them, is the tangent of the general slope of the groimd, or 
conversely by dividing the distance by the interval the gradient is obtained, 
expressed in the common way of one in thirty, &c., or inversely by dividing the 
distance by the interval the gradient is obtained, expressed in the common way 
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of one in thirty. Supposing that it were desired to lay out a road on the ground 
delineated on the sketch (fig. 159), having a gradient of say i in 50. Then it is 
only necessary to take the distance 50 x 20 = 1000 in the dividers and step it 
from contour to contour, to obtain the general direction of the road. 

When contouring large areas, the distance between the 

IMttaiiM planes of equal altitude may vary between 20 feet and 100 feet, 

J**T*** according to the scale to which the finished plan is to be drawn. 

Such intervals should be inversely to the scale of the plan, so 

that if twenty feet intervals be adopted for a 6-inch scale, forty should be used for 

3-inch scale, sixty feet for a 2-inch scale, and so on for smaller scales. 

For small areas, such as building sites, an interval of from one foot to three 
or five feet, according to circumstances is usually adopted. 
Xathod of Various methods are adopted for determining contour lines, 

detenniiiiiig depending on the accuracy which is desired ; and the fact must 
and Bnrvejdiig never be lost sight of, that the accuracy of a contour line depends 
Contours for qjj ^^ number of points in it which have been carefully fixed 
lATgo Atom. j^ altitude and position. 
When contouring large areas surveyed to small scales, it sufiSces to fix the 
positions of numerous points in altitude by either vertical angles or levelling, 
and then to interpolate the contour lines by eye. The hilly districts of Scotland 
and Wales were contoured in this way when the Ordnance Surveys were made. 

When greater accuracy was required, such as the more undulating slopes of 
the English coimties, each contour was run with a level and contouring staff, 
the points so fixed being located from the details already surveyed, or from 
auxiliary chain lines when necessary. 

^ The following three methods of contouring small areas or 

Oontonrittff ^^^* ^® recommended, the formation of the ground leading to a 

Small Atom. decision as to which should be adopted in any given case : — 

X. By running the contours with a level, and surveying in 

the points fixed by pickets either from fixed details or with the chain or tape, 

with the aid of a compass or theodolite, as found most convenient The heights of 

the terminal pickets at one or both ends of such contours should be determined 

by levels run from a known bench-mark. 

2. By covering the area with a series of imaginary squares, pickets being 
driven at the comers and their heights determined with a level At least one of 
the sides of the rectangular area so divided up into squares, should be fixed in 
position by reference to known points, previously surveyed, so that the position 
in space of the area may be known. From the spot levels so obtained, the 
positions of contour lines at fixed intervals can be interpolated. Having 
decided on the initial line from which to start work, and having noted its 
direction with reference to known points, pickets can be driven at intervals of 
say five, ten or twenty feet apart i^nde fig. 160). Perpendiculars are then set off 
at the first and last picket of the series, and pickets are driven along them at the 
intervals adopted. The intermediate pickets are then lined in, and finally the 
level of each picket is determined. 

3. By laying out radial lines from a central point of the site, and driving 
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pickets at the required vertical intervals, afterwards measuring the distances from 
picket to picket on each radial. 

Set up a theodolite at the point A (fig. i6i), whose position has been fixed 
by measurements to known points, then drive pickets on the bearings selected, at 
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the desired vertical intervals, as determined by a level and contouring staff (die 
theodolite level will often suffice), and note the distances from picket to picket oo 
each radial or bearing. 
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The above method is most applicable for the contouring of a small area on the 
top of a hilL As the distance between the radials increases, new bearings can be 
interpolated as at a ^ (fig. i6i). 

A contouring staff consists of a long square staff, figured at 
intervals of one foot and fitted with two sliding sight-vanes, 
which can be fixed at the desired points by a thumb-screw. 

The plane-table, with the telemeter sight-rule 
{^ide plane-tabling) lends itself admirably to con- 
toiuring, especially when used in conjunction with 
the level. The telescope of the sight-rule may be 
used to fix the contour points. This is not, however, a convenient 
plan, for the sight-rule does not traverse easUy on the paper. In the 
opinion of the writer, it is better to use a level to determine the con- 
tour points, leaving to the plane-table the duty of registering their 
position on the plan. The work is much facilitated by the employ- 
ment of two observers, one for the level, and the other for the plane- 
table. The leveller fixes the points on the contour by a procedure 
similar to that described, with the exception that there is no necessity 
for planting pickets. The leveller determines the contour points, 
and the plane-tabler fixes them at once on the plan by drawing 
a ray and measuring the subtense on the same staff that is used by 
the leveller. The work proceeds with great rapidity, and this 
system has the great merit that the contours are sketched in, as 
it were, from nature. Minor accidents of the ground can be sketched 
in. It is also possible for the plane-tabler to sketch in by eye, with 
no small accuracy, contours intermediate to those determined in- 
strumentally, thus preparing a very fine topographical plan, with 
great rapidity zxA precision. 

There is no doubt as to the general utility of 
a contoured plan or map, provided always that the 
contours are traced at frequent intervals. Un- 
fortunately the cost of tracing contours is so great 
that it is rarely possible to adopt a sufficiently close 
interval, to be of real service, in any but very precipitous ground. 
In tropical forests the tracing of contours would involve a pro- 
hibitory expenditure of time and money. It is rarely possible, as 
regards cost, to trace contours at such frequent intervals as to be 
of much use in engineering construction. The usual interval is 
from 50 to 100 feet. Such contours serve no doubt as an excellent 
guide for the selection of the general alignment of a road or a rail- 
way. Between them many features of ground may, however, occur which will 
necessitate material deviation from the preliminary lines selected from the map, 
in the office. It is certainly out of place to contour a whole country at so close 
intervals as to make the map available for the design of public works, in any 
part thereof, when as a fact works will be required in but few and limited 
portions thereof. All that can be done is to trace a few contours at considerable 
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intervals such as 50 feet between them, many features may occur which therefore 
escape delineation, though they may be important from an engineering point of 
view. 

For constructional purposes the desirability of tracing contour lines is 
questionable. As a general rule the writer believes that it is preferable to obtain 
the levels of a great number of points (spot-levels) distributed, at regular intervals, 
over the plot of groimd. Some time is lost in finding the position of a contour- 
point, as the staff has to be shifted about until the exact leading is obtained. 
Whereas with a spot-level the staff is put up at the point, read, the reading 
recorded the operation is finished, as far as that point is concerned. One can 
therefore determine more spot-levels in a given time than one can fix contour 
points. Again, the determination of spot-levels involves no arithmetical calcula- 
tion in the field, a proceeding always to be avoided. 

To take the levels over a plot of land, for the construction of some work 
thereon, the best plan appears therefore to be to range out a base or axis line 
through the middle thereof, and to take numerous equidistant cross-sections 
holding the staff at equidistant points along the same. The levels may be re- 
corded by the system described in connection with cross-sections. A dear 
record is obtained, and the levels of the several points may be worked out at 
leisure, in the office. If it be desired to survey a valley for the purpose of 
constructing a reservoir, the best plan is to range an axis line following, roughly, 
the valley line, and to take cross*sections at right angles to this line. The cross- 
sections, when plotted, moreover are directly available for computing the contents 
of the reservoir. 
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APPENDIX A. 

Another great improvement in the construction of modem transit theodolites is 
the use of microscopes, wherewith to read the horizontal and vertical arcs, in 
place of the verniers and magnifying glasses fitted to the old pattern instruments. 

It is much less fatiguing to the eye to read with microscopes: and with 
these the arcs of 5-inch and 6-inch instruments can be read to 6 seconds, as 
against 10 seconds with verniers. 

The degrees on the arcs are divided into six parts, and the micrometer drum 
b divided into 100 parts. 



APPENDIX R 

Adjustment of Horizontal Axis of Rotation, 
i.e. to make the horizontal axis of rotation truly horizontal. 

Method 1.— Without a Stridifig Level. 

The vertical axis of rotation having been made truly vertical, turn the telescope 
on to some point at a considerable altitude and bisect it with the cross wires. 
Now turn the telescope to a nearly horizontal position, and note or mark some 
object which the cross wires now bisect Next, change the face of the mstru- 
ment by rotating it through 180^, and repeat above operation. If the object 
bisected by the cross wires when the telescope is brought to the horizontal posi- 
tion the second time does not coincide very nearly with that first bisected the 
horizontal axis is not truly horizontal. Select, or marh^ a point midway between 
the objects bisected in the two positions of the telescope when nearly horizontal, 
and, by means of the clamp-screws, adjust the split, or movable Y, until the 
cross hairs will bisect both the object in altitude and the last selected point when 
nearly in a horizontal position. When this can be done it is obvious that the 
line of culmination travels in the plane of a truly vertical circle, and that the 
axis of rotation, or horizontal axis of the instrument, must be truly horizontal 

Method 2.— With a Striding Level 

Firstly, to adjust the level, — Place it in position on the trunnions of the hori- 
zontal axis, and turn the latter over a foot-screw. Bring the bubble of the 
striding level to the centre of its run by means of the foot-screw only ; then 
reverse the striding level on the trunnions, and, should the bubble in its new 
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position run out of centre, correct one half of its displacement by the foot-screw 
and one half by means of the screws acting on the split Y of the striding bubble, 
thereby lengthening or shortening that leg and raising or lowering that end of 
the bubble as required. Repeat till the bubble remains in the centre of its run 
in both positions. 

Secondly, to adjust the length qftheh support^ which is fitted with the means 
of doing so. — Rotate the instrument through i8o® on its vertical axis, and, 
should the bubble be displaced, correct half the displacement by means of the 
foot-screw and halfhy means of the adjustable A, either by tightening or loosen- 
ing the split Y or by raising or lowering a movable Y, as the case may be. 
Repeat till perfect 

N.B. — ^The above adjustment of the horizontal axis is only necessary when 
observing to an object, such as an elevated peak or a star, at a very considerable 
altitude, hence the means of making this adjustment are only provided with the 
transit pattern of theodolite, and not with the Everest or Y patterns. 



APPENDIX C. 
Magnetic Elements. 

(By /rrtniitifiH of tk* Proprktort of * WkiUUttf^t AlmaMAckJ"^ 

The following table of mean magnetic elements is derived from the observations 
made at Greenwich in the respective years, and apply to Greenwich only. 

The diurnal variation of the magnetic declination at Greenwich is about 12' 
in summer and 7' in winter. The needle occupies its mean position about 
loh, a.m., and again about 6h. p.m., throughout the year. It reaches its most 
westerly position about ah, p.m., and its most easterly position during the night 
or early morning, according to the season of the year. The inclination or dip 
also varies, from hour to hour, in a similar manner to the declination. The 
declination and dip are also subject to secular variations, the duration of which 
is not accurately known. Accidental perturbations, due to magnetic storms, 
affect the needles. These variations in the position of the magnets occur with 
great suddenness, deflecting the needle right and left with great rapidity, almost 
like ordinary telegraphic signalling, and are generally coincident with the passage 
of great outbursts of sunspots across the sun's central meridian. 



Y«ar. 


Mean Magnetic 

Declination at 

Greenwich 

West. 


nonsontal 

Magnetic 

Force in 

C. G. S. Units 

at Greenwich. 


Mean Inclina- 
tion or Dip of 
Needle at 
Greenwich. 


Year. 


Mean Magnetic 

Declination at 

Greenwich 

West. 


Horiaoatal 

Magnetic 

Force in 

C. G. S. Units 

at Greenwich. 


Mean Inclina- 
tion or Dip of 
Needle at 
Greenwich. 


1889 
1890 
1891 
1892 
1893 
1894 
1895 


» 
17 34-9 
17 28-6 

17 23-4 
17 17-4 
17 II-4 
17 4-6 
16 57-0 


*l82I 
•1823 
•1825 
•1826 

*i829 
•1829 
•1832 


67 24-9 
67 22*9 

67 21-4 

67 19-8 

67 17-8 
67 17-3 
67 14-7 


1896 
1897 
1898 

1899 
1900 
1901 


9. * 
16 52*0 

16 46'0 

16 390 

16 34-a 

•• 


•1833 
•1836 
•1837 


6^7 15-0 
67 130 
67 I2"0 
67 IO-3 



Digitized by 



Google 



283 



INDEX. 



Abbrkation, 46 

Adjustment of horizontal axis of rotation, 

281 
Altitudes by theodolite, when useful, 236 

— calculation of, 216 

— effect of refraction on, 224 

— eye and object correction in, 220 

— measnring with plane-table, 248 
theodolite, 215 

— practical calculation of, 227 
Angles, causes of error in observing, 193 

— observing by repetition and reiteration, 191 
face left and face right, 192 

Areas by computing scale, 35 

— by planimeter, 37 

— computing from squares, 139 

— determining from plan, 33, 35 

— from field notes, 33 

— from traverse sheet, 160 
example of, 164 

— rules for, 33 
Arrows, 2 

— special, 2, 8 

Baromstbr, 66 

— heights by, 1)6 

Base line, prolonging, 183 

utilisation of known points for, 211 

Beam compasses, substitute for, 29 

Bearing, of line, 99 

Bearings, computing systematically, 106 

— direct and computed, compared, 108 
measurement of, 107 

— reduced, 103 

— whole circle, loi 
Benchmarks, 264 
Booking chain survey, 25, 28 
Boundaries and fences, 24 

— noting, 25 
Box sextant, 69 
Bubble tube^ 65 
best forms of, 65 

Cardinal points from bearings, 103 
Chainage, errors in booking, 8 
Chain, i 



Chain, effect of temperature on, 7 

— Gunter*s, i 

— surveying, i 

— traversing with, 14 
Chaining, causes of error in, 7 

— exact, by steel tapes, 39 

— long lines, 6 

— method of, 5 

— on sloping ground, 8 

— over obstacles, 8, 1 1 

— permissible error in, 6 
Chainmen, 4 

Chains, testing, 7 
CUnometer, i 

— Barker's, 86 

— rule and bubble, 86 
Collimation, line of, 74 
Computing scale, 36 

adapting papers for, 37 

Contouring, 275 
-- staff, 278 

— utility of, 279 

— with plane-table, 278 
Contour lines, 275 

determining, 277 

Contours, use of, 276 
Co-ordinates, 98 

— computing, 112 

— plotting by, 98, 113 
Critical angle, 43 
Cross staff, 3 

Curvature of earth, effect in levelling, 253 

table of, 226 

earth's surface, 215 



Dbclination, magnetic, 65 
Departures, calculating, 99 
Diaphragm, 55 
Distances, measuring, with telescope, 56 



Earth, shape of, when negligible, 167 
Eastings and Westings, 99 
Error, distribution of, 7 

— in booking chainage, 8 

— permissible in chaining, 6 
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SURVEYING. 



Error, permissible limits of, 149 
Eye, the, and object correction, 220 
— as an optical instrument, 47 
Eye-piece micrometer, 60 

adjustment of» 62 

Eye-pieces, 50 

Field notes, chain surrey, 25, 28 
Flags, 2 
Follower, 2 



Great circles, 16S 



Heliotrope, the, 190 
Horizontal axis of rotation, adjustment of, 
281 



Instruments, Kew certificate with, 195 
— surveying, 67 
Intersected points, 200 



Latitude, difference of, 97 
calculating, 99 

— parallels of, 168 
Leader, 2 

Lens, annalatic, 58 
Lenses, achromatic, 46 

— axes and fod of, 4.1, 

— conjugate foci of^ 45 

— converging, 45 

— diverging, 46 

— formation of images by, 46 

— formulae for, 53 
Level, the, 73, 239 

— field-book for, 259 

— improved forms of, 74, 83 

— the adjustment of, 74, 75 

— Wagner's pocket, 83 

— water, 86 
Levelling, 252 

— bench marks in, 264 

— checking readings in, 268 

— continuous, 255 

— cross section, 266 

— datum in, 265 

— tffect of earth's curvature in, 226, 254 

— eliminating errors in, 254 

— for section, 257 

— operations, 253 

— permissible error in, 269 

— securing accuracy in, 269 

— staff; 76 

perpendicularity of, 80 



Levelling staff; use of, 263 

— with plane-table, 248 

— with theodolite, 216 
Levels, reflecting, 82 
Light, reflection of, 41 
of, from prisms, 42 

— refraction of, 42 
Line ranger, the, 68 
lines, arrangement of, 15 

— laying down on plan, 28 
-- ranging, 12 

— ranging past obstructions, 14 



MagnRtic declination, 158 

— elements, 282 

— needle, 64 

declination of, 65 

inclination of, 65 

Magnetism, 64 

Magnifying power of instruments, 48 
Malta, triangulation of, 175 
Measurements, angular and linear compared, 
146 

— reducing to mean sea level, 214 
Meridian line for traverse, 98 
Meridians, 168 

Meridional distance, 98 
Microscope, use of in construction of theodo- 
lites, 281 
Mirrors, effect of rotation of, 42 
Monochromatic rays, 43 
Mounted paper, plotting on, 144 



North point, determining direction of, 31 
Northings and Southings, 99 



Offset rod, 2 

— scale, use of, 30 
Offsets, 10 

— booking, lo 
Optical square, 3, 67 

adjustment of, 67 

checking adjustment, 24 

Optics, 41 



Pencil of rays, 46 
Pins, 2 
Plane-table, 237 

— and tacheometer, 251 

— and telemeter, 247 

— centering, when negligible, 241 

— fixing intersected points with, 243 

— in conjunction with chain, 245 

— measuring altitudes with, 248 
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Plane-table, rales for sanreying with, 248 

— surveying with, 240 

— snirejrs, examples of, 250 

— the three-point problem with, 244 
Planimeter, 37 

Plans, finishing, 31 

— paper for, 28 

— particolars to be given with, 32 
Plotting by co-ordinates, example of, 105 

— by departures, etc., 97 

— methods of^ compared, 145 

— on miUboard, 145 
Prismatic compass, the, 71 



Ranging rods, 2 

Refraction, approximate rule for, 237 

— by prisms, 44 

— index of^ 43 

— table of, 226 

Reiteration, observing angles by, 191 
Repetition, observing angles by, 191 
Right angles, setting ont, with optical square, 
22 



Scales, list of common, 27 

— offset, 26 

Secants, table of natural, 9 

Sections, exaggerated, areas from, 275 

— exaggeration of vertical scales for, 275 

— plotting, 275 
Signals, luminous, 188 
Single field, survey of, 22 
Slope, allowance for, 9 

— finding angle of, 9 
Sloping ground, chaining on, 8 
Spherical form of earth, effect of, 167 
Station, fixing by observations to known points, 

201 
Stations, 4 

— marking, 4 

— permanent location of, 148, 157 

— satellite, 199 
Steel Upes, 38 

correction for temperature, 40 

tension apparatus for, 39 



Tachsom BTRT, optics of, $6 
Tapes, steel, i ^ 

— testing, 7 

Telescope, best position of eye for, 49 

— eye-|neces for, 50 

— Galilean, 49 

— magnifying power of, 49 

— optical arrangements of, 48 

— optics of, 50 



Telescope, simplest form of, 55 

— the Terrestrial, 49 
Telescopes, testing and power of, 195 
Terriers, for plans, 32 
Theodolite, 86 

— accuracy in observing with, 146 

— adjustment of, 92, 93 

— improvements in, 91, 281 

— the transit, 89 

— the Y, 90 

— size of, 211 

— use of microscopes in construction of, 281 
Tie lines, 15, 22 

Traverse, adjustment of errors in, 151 

— open checks in, 155 

— sheet computing, 1 10 

— survey, plotting by protractor, 139 
setting out, 148 

— surveying, 95 
checks in, 96, 100 

— — problems in, 162 

— surveys, examples of, 105, 114 
plotting, 97 

— tables, 112 
Traversing with chain, 14 

— with compass and chain, 158 
Triangulation, best shape of triangle in, 175 

— checking details on plan, 213 

— checks in, 178 

— computation of co-ordinates, 198 
of sides in, 197 

— correction sheet for, 182 

— diagram of, 182 

— field-book for, 197 

— filling in details of, 212 

— limits of accuracy in, 171 

— location of stations, 185 

— minor, 170 

— mode of conducting, 183 

— plotting, 198 

— satellite stations in, 199 

— signals for, 186 

^- size of triangles in, 184 

— stations for, 185 



Unknown points, two^ fixing, 210 



Vertical angles, observation of, 235 
Virtual image, 47 



YkldoiI Farm, field book for, 16 

plotting survey of, 29 

survey of, 14, 25 
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